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Chapter I 
General Introduction 
Surfactants are an interesting class of materials and it is their dual 
characteristic (hydrophilic-lipophilic nature) that makes them so useftil and 
intriguing. These substances are also known by other nomenclature such as surface 
active, tensioactive, tenside, amphiphilic or amphipathic. 
The term surfactant is a blend of words. "SURFace ACTive AgeNT" which 
literally means active at surface coined by Antara products [1]. In Index Medicus 
and the United States National Library of Medicine, '`surfactant" is reserved for 
meaning "pulmonary surfactant". Surfactant deficiency causes infant respiratory 
distress syndrome (IRDS) [2] while accumulation causes pulmonary alveolar 
proteinosis [3]. 
A surfactant is a surface active amphiphile that aggregates (self-assembles) 
in water or other solvents to form various microstructures such as micelles or 
bilayers. The amphiphile with more or less equilibrated hydrophilic and lipophilic 
tendencies are likely to migrate to surface or interface. It doesn't happen if the 
amphiphilic molecule is too hydrophilic or too hydrophobic, in which case it stays 
in one of the phases. 
In recent years there has been an increasing interest in studying the 
structure of aggregates as well as physicochemical properties ot'surfactants (e.g. 
detergency, solubility, micelle formation, and solubilization of substrates) because 
of their potential applications in tertiary oil recovery, in field of chemical kinetics 
as catalysts for chemical reactions and biochemistry as a simple model for 
enzymatic reactions. 
They are occasionally used for environmental protection, e.g., in oil slick 
dispersants. Therefore, a fundamental understanding of the physical chemistry of 
surface active agents, their unusual properties and their phase behavior is essential 
for most industrial chemists. In addition, an understanding of the basic phenomena 
involved in the application of surfactants, such as in the preparation of emulsions 
and suspensions and their subsequent stabilization, in microemulsions, in wetting, 
spreading and adhesion, etc., is of vital importance in arriving at the right 
composition and control of the system involved, This is particularly the case with 
many formulations in the chemical industry. 
In the recent years, there has been growing interest in reactions which can 
be carried out in surfactant systems. These reactions often occur at the interface 
between the solvent, which is usually water or the submicroscopic particles or 
aggregate. Motivation for studying reactions in surfactant systems may be derived 
from three sources: firstly, to further understanding of those factors which 
influences the rates and course of organic reactions; secondly, and closely related 
to the first, to gain additional insight into the exceptional catalysis characteristics 
of enzyme reactions; thirdly, to explore the utility of surfactant systems for the 
purpose of organic synthesis. 
The application of ninhydrin for the identification/detection of amino acids 
has a great ability in disclosing latent fingerprints [4-8]. The use depends on the 
formation of Ruhemann's purple (diketoltydrindylidenediketohydrindamine) [9-
13]. Extensive efforts have been made to apply manual and automated ninhydrin 
reactions as well as ninhydrin spray reagent to the detection, isolation and analysis 
of numerous compounds of interest across a broad spectrum of disciplines. The 
method, though useful, still has much room for improvements. Continuous efforts 
are, therefore, being made to improve the method [14-24]. The reaction of 
ninhydrin and amino acid involving surfactant micelles and solvents has also been 
carried out [25,26]. In this context, addition of metal ions and the order of addition 
of reagents have been widely used in the preservation [27-29]. 
As a modification, therefore, reactions of ninhydrin and peptide/metal-
peptide complexes were made in surfactant systems with a view to find some 
applications to improve contrast and visualization of ninhydrin developed 
fingerprints that may prove a step forward from the methods already used in 
current forensic research. 
Surfactants and their Classification 
A surfactant is a surface active amphiphile that consists of at least two 
parts. one which is nonpolar hydrophobic portion, usually a straight or branched 
hydrocarbon or fluorocarbon chain, and one which is attached to a polar or ionic 
portion (hydrophilic) (Figure 1.1). The hydrophilic portion can, thereRne, be 
nonionic. ionic or zwitterionie, and accompanied by counter ions in the last two 
cases. 
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Figure 1.1: Schematic representation of a surfactant monomer. 
The hydrocarbon chain interacts weakly with the water molecules in an 
aqueous environment, whereas the polar or ionic head group interacts strongly 
with water molecules via dipole or ion-dipole interactions. It is this strong 
interaction with the water molecules that renders the surfactant soluble in water. 
Surfactants find application in almost every field of life; they are widely 
used in both industrial and domestic fields since the first surface active product 
was prepared commercially by C. Schollar in Germany in 1930 [30]. Now these 
materials have impact on almost all aspects of our daily life, either directly in 
household detergents and personal care products or indirectly in the production 
and processing of materials which surround us [31-33]. Surfactants are the most 
versatile products of the chemical industry, and the widespread importance of 
surfactants in practical applications, and scientific interest in their nature and 
properties, has precipitated a wealth of published literature on the subject. 
In addition, the single feature of surfactants that gives rise to such broad 
utility is their potential to coexist with and function as an interface between polar 
and nonpolar phases. This ability is determined by a balance between ionic and 
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dipolar interactions with polar media and dispersion interactions with nonpolar 
media. 
Moreover, surfactants often exhibit other properties besides lowering of 
surface tension. Because of its dual affinity, an amphiphilic molecule does not feel 
at ease' in any solvent. This is why they are often labeled according to their main 
use such as: soap, detergent, wetting agent, dispersant, emulsifier, foaming agent, 
bactericide, corrosion inhibitor. antistatic agent, etc. Some surfactants are known 
to be toxic to animals, ecosystems and humans, and can increase the diffusion of 
other environmental contaminants [34-36]. 
Cationic surfactants 
The surface active portion of the molecules bears a positive charge. These 
surfactants are in general more expensive than anionics. because of at the high 
pressure hydrogenation reaction to be carried out during their synthesis. As a 
consequence, they are only used in two cases in which there is no cheaper 
substitute, i.e., (1) as bactericide, and (2) as positively charged substance which is 
able to adsorb on negatively charged substrates to produce antistatic and 
hydrophobant effect, often of great commercial importance such as in corrosion 
inhibition. 
Examples: Dodecyltrimethvlammonium bromide CH3 (CHI), i N-(CI I3)3 Br 
Dodecylamine hydrochloride CH3 (CI-I 2)1 i N + H ; Cl- 
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Anionic surfactants 
These surfactants are dissociated in water into an amphiphilic anion, and a 
cation. which is in general an alkaline metal (Nat, K+) or a quaternary ammonium. 
Anionic surfactants are the most widely used class of surfactants in industrial 
applications [37,38] due to their relatively low cost of manufacture and they are 
used in practically even- type of detergent. 
Examples: Sodium dodecyl sulfate [Cl13(C1-12)11OS03 Na'] 
Sodium dodecylbenzene sulfonate [CH3(CH2)1IC,H 4SO3 Na-] 
Zwitterionic surfactants 
These are surfactants containing both positive and negative charges in the 
surface active portion, and can behave as either an anionic, nonionic, or cationic 
species. depending upon the pH of the solution. 
Examples: N-Dodecyl- . N-dimethylglycine [CH,(CH,),,N+(CH3)2CH2COO-], 
3-(Dimeth}y ldodecylammoni o)-propane-1-sulfonate 
[CH3(CH,)1 1 N+(CI-13),CI-I,CH,CH7SO3 ] 
Nonionic surfactants 
the surface active portion of the molecules bears no apparent ionic charge 
and the most common nonionic surfactants are based on ethylene oxide, which are 
referred as ethoxylated surfactants. These surfactants include several classes such 
R 
as alcohol ethoxylates. alkyl phenyl ethoxylates, fatty acid ethoxylates, 
monoalkanol amide ethoxylates, sorbitan ester ethoxylates, etc. 
Examples: Polyoxyethylene monohexadecyl ether CH. (CU ,),5 (OCH,CH,),,OH 
Polyoxyethylene octylphenylether C1 H 2 ,O(C,1-l,O),,, 
Polymeric surfactants 
These are formed by association of one or several macromolecular 
structures exhibiting hydrophilic and lipophilic characters. 
Example: Polystyrene- block-poly(viny I acetate) 
O 	r 
II 
CH3—(CH1 CH, O) 	C 	C ( CH? -CH-)-- 
n I 	 m 
Br 
Bolaform surfactants 
These surfactants consist of two hydrophilic head groups, connected by a 
long hydrocarbon spacer. Their tendency to aggregation is lower, and aggregation 
numbers are smaller than those of the monomeric surfactants of which they consist 
(Figure 1.2). However, they show biological activity [39,40] and some special 
bolaforms are capable giving rise to organized assemblies of peculiar structure 
[41]. 
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Figure 1.2: Schematic representation of a bolaform surfactant. 
Dimeric (Gemini) surfactants 
The emergence of the dimeric (gemini) surfactants has been one of the most 
exciting developments in surfactant chemistry. The term 'Gemini' surfactant (also 
referred to as twin surfactants), coined by Menger [42], has become accepted in 
the surfactant literature for describing dimeric surfactants, i.e., containing two 
hydrophobic groups and two hydrophilic groups in the molecule, connected by a 
linkage (spacer) close to hydrophilic groups. 
A schematic representation of a gemini surfactant is shown in Figure 1.3. 
Figure 1.3: Schematic representation of a gemini surfactant. 
Geminis were known long before to Bunton et al. [43], who studied 
catalysis of nucleophilic substitutions by "dicationic detergents" and to Devinsky 
E 
et al. [44] who reported the surface activity and micelle formation of some new 
"bisquatemary ammonium salts". Then Okahara [45] prepared and examined 
amphiphatic compounds with two sulphate groups and two lipophilic alkyl chains. 
Menger and Littau [461 assigned the name "Gemini" to bis-surfactants with 
a rigid spacer (i.e., benzene. stilbenzene), but name is then extended to other bis or 
double tailed surfactants, irrespective of the nature of the spacers. 
Geminis are the subject of numerous studies due to the unusual solution and 
interfacial properties and their enhanced performance in applications, compared to 
those of monomeric surfactants [47]. These surfactants have generated interest in 
colloid chemistry due to their superior performance over analogous single-chain 
surfactants in various industrial applications. For instance, they have been used in 
various purposes such as the preparation of high porosity materials, analytical 
separations, solubilization processes, skin care formulations, antibacterial 
regimens, and anti-pollution protocols [48-52]. 
Rosen [53] pointed out that these surfactants could be more surface active 
by orders of magnitude than comparable conventional surfactants containing a 
similar single hydrophobic tail and a single hydrophilic group. As a result, 
numerous papers have appeared in the literature describing the fundamental 
properties of gemini surfactants. Among the gemini surfactants, the cationic 
bis(alkyldimethylarnmonium)alkane dibromide type, with two tails and a spacer 
separating the two quaternary nitrogen atoms in the heads, designated as m-s-m, 
where in and s refer to the carbon numbers of the side chains and of the spacer, has 
received more attention. A number of patents and papers have appeared in 
scientific literature [53-56]. All charge types of gemini surfactants cationic 
[47,57]. anionic [58]. nonionic [59] and zwitterionic [60] and a variety of 
structural types; alkylglucoside based [61]. sugar based [62]. with unsaturated 
linkages [63] and almost all types with flexible, rigid, and heterotype spacers have 
been synthesized. The search for the synthesis of new novel types of gemini 
surfactants is increasing from their application point of view [64,651. 
Micelle Formation and Critical Micelle Concentration (CMC) 
The characteristic properties of amphiphilic molecules are their capacity to 
aggregate in solutions. The aggregation process depends on the amphiphilic 
species and conditions of the systems in which they are dissolved. The 
concentration at which this aggregate formation occurs is usually fairly sharply 
defined and it can be identified by observing the behavior of any one of a number 
of equilibrium or transport properties of the solution. The narrow concentration 
range over which surfactant solutions show an abrupt change in physicochemical 
properties is called CMC [66-68] and the molecular aggregates that form above 
the CMC are known as micelles. 
Micelle is a Latin term means "small bit" and was coined by J. W. McBain 
[69] in 1920 to describe colloidal sized particles of detergents and soaps, and the 
phenomenon of self-association of monomers into micelles was called 
micellization. The driving force behind micellization is hydrophobic effect which 
was proposed by G. S. Hartley [70] in 1936. He also suggested the roughly 
spherical model for the micelles. a suggestion that gained general favor later. 
CMC is an important property of the surfactants which reflects its micellization 
ability. 
The physicochemical properties of surfactants vary markedly above and 
below the CMC value [71-74]. Below the CMC value, the physicochemical 
properties of ionic surfactants resemble those of strong electrolytes. and the above 
the CMC value, these properties change drastically, indicating a highly 
cooperative association process is taking place. This is illustrated by Preston's [66] 
classic graph in Figure 1.4. 
Osmotic pressure 









U ~  Equivalent 




CMC 	 Concentration 
Figure 1.4: Change in the concentration dependence of wide range c 
physicochemical changes around the critical micelle concentration. 
The general way of obtaining the CMC value of a surfactant micelle is to 
plot an appropriate physicochemical property vs. the surfactant concentration and 
observe the break point in the plot. The aggregation of surfactants/amphiphitic 
compounds can be demonstrated by measuring solution properties such as surface 
tension [75-77], dye solubilization [78-80], 'H NMR [81-83], light scattering [84-
86], fluorimetry [87-89], osmotic pressure. [90-92], electrical conductivity [93-
95] ultrasound velocity [96] against the surfactant concentration. The value of 
CMC depends on the measured solution properties and hence a difference in their 
values is often associated with different experimental techniques. This is the 
reason why a narrow concentration range is preferred for the CMC values. The 
CMC values are important in virtually all of the process industry surfactant 
applications, from mineral processing to formulation of personal care products and 
foods to drug delivery systems, and to new surfactant remediation technologies. 
In a micellar solution, there is always a dynamic equilibrium between 
surfactants monomers, monolayers and micelles (Figure I_5). 
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Monolayer 
C > CMC 
 
IN  Micelles C > CMC 
Monomers 
C <CMC 
Figure 1.5: Surfactant existence in different phases. dependent on surfactant 
concentration. 
Types of Micelles 
Normal micelles 
The structure of a normal micelle just above the CMC can be considered as 
roughly spherical [97-100]. When the hydrocarbon portion of the surfactant is a 
hydrophobic chain, the micelle will consist of a liquid-like hydrocarbon core. The 
radius of this core is roughly equal to the length of fully extended hydrocarbon 
chain (-12-30 A). The polar head groups and bound water are regularly arranged 
at the micellar surface, which is rough [101]. 
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The fluorescence and 'IT NMR measurements support the idea proposed by 
Meager that water can penetrate inside the micelle up to a certain level [1011. 
Partial molar volume determinations indicate that the atkyl chains in the core are 
more expanded than those in the normal liquid state. An ionic micelle formed in 
polar solvents such as water generally consists of three regions (Figure 1.6): (i) 
The interior or core of the micelle which is hydrocarbon like as it consists of 
hydrocarbon chains of the ionic surfactant molecules. (ii) Surrounding the core is 
an aqueous layer known as the Stem layer. It constitutes the inner part of the 
electrical double layer. It contains the charged coat of ionic micelles, and 60-90% 
neutralized by counterions (the bound counterions). The head groups are hydrated 
by a number of water molecules. One or more methylene groups attached to the 
head group may be wet. The core and the Stern layer form the kinetic micelle. (iii) 
The outer layer is a diffuse layer and contains the remaining counterions and is 
called the Gouy-Chapman electrical double layer that extends further into aqueous 
phase. The thickness of this layer is determined by the (effective) ionic strength of 
the solution. 
In nonionic micelles, the structure of the micelle is similar, except that the 
outer region contains no counterions. It arrests water molecules at the palisade 
layer (which includes the head groups and first few methylene groups) by 
hydrogen bonding of the water with polyethylene oxide groups [102]. Water 
molecules appear to be trapped in this region. 
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Figure 1.6: A two dimentional schematic representation of regions of spherical 
ionic micelle. The counterions (X), the head groups (0), and the hydrocarbon 
chains ( 	 ) are schematically indicated to denote their relative 
locations but not their number, distribution, or configuration. 
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Reverse micelles 
In nonpolar medium surfactants associate to form the so-called 
reverseiinvertcd micelles. Reverse or inverted micelles have a water core 
surrounded by the surfactant polar head groups. The alkyl chains together with a 
nonpolar solvent make up the continuous medium [103-109]. Dipole-dipole 
[110,111] interactions hold the hydrophilic head groups together in the core. In 
recent years, the field of reverse micelles has witnessed a significant growth of 
interest, partly due to the finding that proteins, other biopolymers, and even 
bacterial cell can be solubilized in the reverse micellar system: in fact, this has 
permitted the extension of area of interest to new domains, i.e., biocatalysis and 
chemical biotechnology. 
Mixed micelles 
A mixed micelle is an aggregate of surfactant molecules composed of 
different types of surfactants present in the solution. In most practical applications, 
mixtures of surfactants. rather than individual surfactants, are used or purposely 
mixed to improve the properties of the (That product [ 112,113]. 
Mixed micelles that contain more than one type of amphiphiles are of great 
importance from the viewpoints of fundamental, technological, pharmaceutical 
and biological considerations. The CVMC of the mixed micelles fall within the 
highest and lowest individual CMC values of components [114]. In some cases, 
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two surfactants interact in such a fashion that the CMC of the mixture is always 
intermediate in value between those of two pure components. In other cases, they 
interact in such a way that the CMC of the mixture at some ratio of the two 
surfactants is less than either of the CMC. When this situation arises, the system is 
said to exhibit synergism: the condition in which the properties of the mixture are 
better than those attainable with the individual components by themselves. For 
example, a long-chain amine oxide is often added to a formulation based upon an 
anionic surfactant because the foaming properties of the mixture are better than 
those of either surfactant by itself. In still other cases, when the CMC of the 
mixture is larger than CMC of either surfactant, the system is said to exhibit 
antagonism in mixed micelle formation. Because of better performance and low 
consumption of mixed systems than pure surfactants considerable attention has 
been devoted towards understanding the detailed physicochemical behavior of 
mixed systems in the recent years [115,116]. 
Mixed micelles may also form when low molecular weight solutes are 
solubilized by micelles of amphiphiles containing a relatively larger nonpolar side 
chain. [he solubilized substances, also called as the penetrating additives [117], 
may be located in both the hydrocarbon core [118] and in the hydrophilic mantle 
[119-121]. 
Mixed micelles are of great importance in biological, technological, 
pharmaceutical and medicinal formulation, enhanced oil recovery process for the 
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purpose of solubilization, suspension, dispersion, etc. Due to numerous 
applications of such systems, a lot of attention has been devoted for the 
understanding of mixing behavior using various techniques such as conductivity, 
surface tension, viscosity. NMR, calorimetry, potentiometry, fluorimetry, density, 
SANS, etc. [122-136]. 
Factors Affecting the CMC of Surfactants 
Structure of the amphiphiles 
Generally. the CMC decreases as the hydrophobic character of amphiphiles 
increases, i.e., CMC decreases as the number of C-atoms in hydrophobic group 
increases. As a general rule for ionic surfactants, they have much higher CMCs 
than nonionic surfactants containing equivalent groups in aqueous medium, while 
zwitterionic surfactants appear to have about the same CMCs as ionics with the 
same number of carbon atoms in hydrophobic group. 
Presence of various additives in the solution 
The presence of various electrolytes in an aqueous solution changes the 
CMC in such a way that the effect becomes more pronounced for anionic and 
cationic than for zwitterionic surfactants and more pronounced for zwitterionic 
surfactants than for nonionic. 
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The effect of the concentration of electrolyte on the CMC or ionics is given 
by the following relation. 
log CMC — a log c, +b 
where a and b are constants for a particular ionic group and ci denotes the total 
counterion concentration in mole per dm3 [137]. 
For nonionics and zwitterionics, Eq. (1.1) does not hold. Instead, the effect 
is given by equation [138] 
log CMC = A c, - constant (c1<1) 	 (1.2) 
where k is the constant for a particular surfactant, electrolyte and temperature and 
cl is concentration of electrolyte in mole per din3. 
The size of counterion is also a determining factor for the CMC value. As 
the size of counterion increases, counterion binding also increases due to decrease 
in hydrated radius of ion, and hence decrease in CMC occurs [139]. This is the 
reason why (C3H7)4N' is more efficient in reducing the CMC than (C2Ht)4N, 
which is more efficient than (CH3)4Nt 
The "salting-out" or "salting-in" (i.e.. the effects of ionic size and decrease 
in dielectric constants) of the hydrophobic groups in the aqueous solvent is 
responsible for change [140,141] in the CMC of nonionics and zwitterionics on 
the addition of electrolyte, rather than to the effect of the latter on the hydrophilic 
groups of the amphiphile. "Salting-out" electrolytes are capable to reduce the 
CMC of nonionic surfactants while "salting-in" electrolytes enhances the CMC. 
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"Salting-in" or "salting-out" by an on depends upon whether the ion is a water 
structure breaker or a water structure maker. The effect of the anion and cation in 
the electrolyte are additive and appear to depend on the radius of the hydrated ion, 
that is the lyotropic number; the smaller the radius of the hydrated ion, the greater 
the effect. Thus the order of effectiveness in decreasing the CMC [138,142] is 
1/2S042-> F- >Br03 > CI- > Br > NO3 > I-> CNS- and NII4'> K'> Nat >Li-  
>Ii2Ca". Tetraalkylammonium cations appear to increase the CMC, the order of 
effectiveness being (C5H,,)4N*  > (C4H9)4N > (C3H7)4N*  > (Cj-15)4W> (CH3)4N' 
[1431. 
Addition of organic additives can have a significant influence on the CMC, 
and properties of aqueous micellar solutions. A knowledge of the effects of 
organic materials on the CMC of amphiphiles is therefore of great importance for 
both theoretical and practical purposes. The organic additives affect the CMC by 
being incorporated into the micelle or by modifying solvent-micelle or solvent-
amphiphile interactions. Additives like urea have been shown to increase the CMC 
of ionic [144,145] and nonionic surfactants [146,147]. For fluorocarbon 
surfactants, addition of urea slightly decreases the CMC [148]. Addition of 
alcohols produces both increase and decrease in CMC of surfactants [149-1511. 
A decrease in the CMC has been observed with the increase in the carbon number 
of the linear alcohols (heptyl to decyl) in nonaqueous dimethylformamide [152]. 
Introduction of sugars has been known to decrease the CMC of the system 
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[153,154]. For an ionic surfactant solution, decrease [155] as well as increase 
[156] in CMC has been reported with different concentrations of acetamide. 
Amines are more surface active than alcohols at air-water interface [157]. 
Addition of n-alkylamincs (butyl to decyl) has been found to be solubilized in 
micellar phase, leaving the amine group on the surface of the micelles [1581. 
These solubilized amines have been reported to form mixed micelles with ionic 
surfactants [159-161]. 
Temperature 
The effect of temperature on the CMC of amphiphiles in aqueous medium 
is complex The CMC of amphiphiles in aqueous medium is affected by the 
temperature in such a way that firstly it decreases with the increase in temperature 
to some minimum, then increases with the increase in temperature. The decrease 
in the CMC of the ionic surfactants with temperature increase at lower 
temperatures is possibly due to dehydration of the monomers, whilst further 
temperature increase causes disruption of the structured water around the 
hydrophobic groups which opposes micellization. The relative magnitude of these 
two opposing effects, therefore, determines whether the CMC increases or 
decreases over a particular temperature range. 
From the data available, the minimum in the CMC-temperature curve 
appears to be around 25 °C lbr ionics [162] and around 50°C for nonionics [163]. 
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For bivalent metal alkyl sulphates, the CMC appears to be practically independent 
of the temperature [164]. 
Pressure 
Several workers observed that the effect of pressure on the micelle 
formation of ionic [165-167] and nonionic amphiphiles. With pressure CMC of 
ionic surfactants increases up to 1000 atm followed by decrease above this 
pressure [168-171]. Such behavior has been rationalized in terms of solidification 
of the micellar interior [168], increased dielectric constant of the water [l69] and 
other aspects related to water structure. For nonionic surfactants, the CMC value 
increases monotonously and then levels oil with increasing pressure. 
Effect of pH 
In amphiphiles bearing ionizable groups such as —NH,, —(CH3)2N- *O and 
COON, the degree of dissociation of the polar group will be dependent on pH 
[172]. In general, the CMC will be high at pH values where the group is charged 
(low pH for —NHZ and —(CH5)2N— 0, high pH Cr —COON) and low when 
uncharged. Some zwitterionic surfactants become cationic at low pll, a change 
that can be accompanied by a rapid rise in the CMC [173], or a more modest rise 




In ethylene glycol, the CMC of surfactants decrease as the length of the 
hydrophobic chain increases, but the change is much smaller than that in water 
[175]. For polyoxvcthylenated nonionic solutions in benzene and carbon 
tetrachloride. emc decrease with increase in the length of the polyoxyethylene 
group at constant hydrophobic chain length. 
The CMC in benzene for alkylatnmoniuw carboxylates increases with 
increase in the length of the alkyl chain of the anion but decreases with increase in 
the length of the alkyl chain of the cation; in carbon tetrachloride, there is no 
significant change in the value of the CMC with these structural changes. The 
CMC is lower in D,O than H2O for different amphiphilcs [117,176]. The 
hydrophobic bonds are expected to he stronger in D20 than H2O [177]. Also, 
micelles in D20 are larger than H2O [178]. 
Aggregation number 
Aggregation number of micelle which is the number of monomers making 
up a micelle is a fundamental parameter concerning the micelle. It gives an idea 
about the size of the micelle and is vital in determining the stability and practical 
applications of the investigated systems [74,139]. It depends on different factors 
such as concentration of surfactant [179-181], temperature [74.182,183], 
concentration of added electrolyte [180,184-187], organic additives [I88-191], etc. 
23 
Various experimental techniques like dynamic light scattering (DLS), small-angle 
neutron scattering (SANS), steady-state fluorescence quenching (SSFQ), and time-
resolved fluorescence quenching (TRFQ), etc. may be used for the determination 
of aggregation number [ 171,179, t 80,192-196]. 
Generally, in aqueous medium greater the dissimilarity between amphiphile 
and solvent, the greater the aggregation number. Hence, aggregation number 
appears to increase with increase in hydrophobic character of the amphiphile. As 
increase in the temperature appears to cause a small decrease in the aggregation 
number in aqueous medium of ionic surfactants. For nonionic surfactants, it 
increases markedly [29,197,198]. 
Micellar Packine Parameters 
The degree of interaction between water and amphiphile molecules can be 
expressed by the molecular shape. The morphology of micellar aggregate is 
mainly determined by a balance between hydrophobic interactions of the 
hydrocarbon tails, electrostatic repulsion and hydration of head groups [199]. The 
shape of the micelles produced in aqueous media determines various surfactant 
solution properties such as, its viscosity, its capacity to soluhilize water-insoluble 
materials, and its cloud point. 
A study of miccllar structure based upon its molecular geometry of various 
micellar shapes and the space occupied by hydrophilic and hydrophobic groups of 
the surfactant molecules has been developed by Israelachvili et al. [72,200]. They 
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showed that many surfactants can be generalized into certain shape categories, 
which are likely to produce specific secondary aggregates in aqueous solution. The 
shape of the micelles is determined by the volume (v) occupied by hydrophobic 
group in the micellar core, the length of hydrophobic group in the core (h) and the 
cross-sectional area (ao) occupied by hydrophilic group, which are related to each 
other by packing parameter (p) [201]. It is calculated by dividing the volume of 
hydrocarbon chains (v) (fable 1.1) by the cross-sectional surface area (ae) of the 
head group and length of the alkyl chain (13, so that the non-dimensional packing 
parameter (p) is 
v 
p a1 o~ 
where the tail and volume of the hydrocarbon chain of n, carbon atoms can be 
approximated by correlations of experimental data as: 
1, =1.54+1.265n, (A) 	 (1.4) 
v=27.4 26.9n„(A) 	 (1.5) 
As shown in Table 1.1, spherical micelles are formed when p is lower than 
1/3; wormlike micelles are formed when p has a value in between 1/3 to 1/2; 
vesicles or bilayers are formed when 1/2 < p < 1. When the volume of the 
hydrocarbon part is large relative to the head group area (p > 1), reverse micelles 
are formed. 
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Table 1.1: Aggregate structures with their corresponding packing parameters. 
Effective shape of the Packing 
Type of aggregation 
surfactant molecule 	parameter (p) 
<1/3 
cone 	 spherical micelles 
1/3- 1/2 






inverted cone 	 reverse micelles 
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Kinetics in Surfactant Systems 
Surfactant micelles provide a unique microenvironment for the compounds 
when they are solubilized in an aqueous solution. Most important reactions occur 
not in a homogeneous solution but at an interface. Many industrially important 
processes on the surfaces of solid catalysts, and nearly all biological reactions take 
place at gas-liquid interfaces or on an enzyme that may itself be bound to a 
membrane. The catalytic efficiency is governed both by the affinity of the reagents 
for the micelles and by the reactivity of the bound reagent molecules. The 
properties of these catalytic surfaces depend critically on the detailed structure of 
the surfaces, which can be controlled by adding agents that may themselves take 
no direct part in the chemical reactions [2021. 
The early chemical experiments were made primarily in dilute aqueous 
solutions of ionic micelles but recent works includes the effect of microemulsion 
[203], reverse micelles [204], monolayers [205], and vesicles [206]. Progressively 
more sophisticated quantitative treatments of micellar effects on reaction rates and 
equilibria developed over the same time period. Chaimovich and coworkers [207] 
showed that the pseudo-phase ion exchange model provides a unified approach for 
interpreting many of these effects. 
Surfactant molecules are responsible for altering the rates of reactions in 
solutions of surfactants. Basically, these rate effects can be attributed to 
electrostatic and hydrophobic interactions between the substrate and the surfactant 
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aggregate. Surfactants aggregate often accelerate or "catalyse" chemical reactions, 
but they also inhibit reactions. The term "micellar catalysis" was first applied to 
the increases in rates of reactions produced by aqueous association colloids, in 
particular micelles [208]. Surfactant micelles can enhance the sensitivity and can 
bring about changes in solubility, pK„ chemical equilibria, reaction rates and 
mechanisms, spectral distributions and intensities and the stereoselectivity of some 
chemical processes. Surfactants increase the absorptivity of the analytes and some 
of them also facilitate solubilization of the analytical system [209,210]. 
Though the use of surfactant structures to alter or enhance reaction rates has 
been known for several decades, the use of surfactant structures to control reaction 
pathways is a fairly recent development. Micellar effects upon reaction rates and 
equilibria have generally been discussed in terns of the pseudo-phase model. The 
model aids in the interpretation of the catalytic activity of functionalized micelles 
used as models for enzymatic sites [211] and is applicable to the effects of reverse 
micelles, microcmulsions, and vesicles on the reaction rates and equilibria. C. A. 
Bunton-"father of micellar kinetics" [212] has observed [213]: "The development 
of a quantitative understanding of chemical reactivity in solution has depended on 
the willingness of chemists to use models that are no more than crude 
approximation. For this reason it is usefiil to accept the pseudo-phase model, 
despite its imperfection, until it either fails to fit the data, or is replaced by a better 
model". 
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Rates of chemical reactions (R,) in micellar solutions are usually 
considered to be the sum of rates in the continuous aqueous phase (R,,) and the 
micetlar pseudo-phase (R,,,) 
RW = Rw  + R„ 	 (1.7) 
Micellar solutions are macroscopically homogeneous, but the total volumes 
of the uniformly distributed dynamic aggregates of surfactant monomers is 
assumed to act as a separate phase, the micellar pseudo-phase, of constant 
properties [30,74]. Pseudo-phase formation begins at the CMC and all additional 
surfactants form micelles with the monomer concentration remaining constant and 
equal to the CMC. 
The pseudo-phase description of micellar catalysis and inhibition assumes 
that the relation between the overall reaction rate and surfactant concentration, for 
a given total concentration of reactants, can be explained in terms of the 
concentrations of each reactant in water and in the micelles, and the rate constants 
in the aqueous and micellar pseudo-phases. Provided that equilibrium is 
maintained between the aqueous and micellar pseudo-phases (designated by 
subscript w and m), the overall reaction rate will be the sum of rates in water and 
the micelles and will therefore depend upon the distribution of reactants between 
each pseudo-phase and appropriate rate constants in the two pseudo-phases 
(Scheme 1.1). (Solutes enter micelles at near diffusion rates [32,214] and most 
thermal reactions are too slow to perturb this equilibrium transfer). 
29 
Scheme 1.1 describes substrate distribution and reaction in each pseudo- 
phases. 
K, 
nD 	Dn + S„ 	 Sm 
k'w 	 km 
Products 
Scheme 1.1 
where D. is the micellized surfactant, S is the substrate, and k,y and k," are the 
first-order rate constants for product formation in the bulk solvent and in the 
micellar phase, respectively. The concentration of micellized surtactant is that of 
total surfactant less that of monomer which is assumed to be given by the critical 
micelle concentration i.e.. [D„] _ [surfactant] - CMC. 
The rate equation for the Scheme 1.1 is given by 
_d([S]+[S1 1) 	— d[S], = d[P] 	 (1.8) 
dt 	dt 	dt 
	
d~P] = k[S,v]+km[Sm] 	 (1.9) 
dt 
where [S], is the stoichiometric concentration of the substrate at time t. (Here, and 
elsewhere, the quantities in square brackets denote molarity in terms of total 
solution volume, which is approximately that of the aqueous pseudo-phase). The 
observed rate constant for the product formation, 4, is given by: 
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kW ddt] 4[S] = k„Fw±kmk,o 
	 (f.10) 
where F,.. and F. are the fractions of the uncomplexed and complexed substrate. 
Often, for a pseudo-first-order process [Dr] >> [Sm] and Fm is constant. The 
equilibrium constant. K. can be expressed in terms of concentrations and also in 




1.11 __ [Sm] __ 	Fm 	 ( ) 
([SJ, -[S. })[D] 	[D„](1-F,,) 
 
Combination of Eqs. (1. 0) and (1.11) and rearrangement leads to: 
k +k. K [D„] 
W 	1+K,[D,I 
(1.12) 
Eq. (1.12) is similar in the form to the Michaelis-Menton equation of 
enzyme kinetics [215] and successfully fits the sigmoidal rate—surfactant profiles 
of micellar-catalyzed unimolccular reactions; i.e., k,~, increases rapidly at the CMC 
and then plateaus once all of the substrate is micellar bound. Eq. (1.12) can be 
rearranged into the reciprocal form of Eq. (1.13) (similar to the l.ineweaver-Burk 
equation [216]), which allows both Ks and k,,, to be estimated from the kinetic 
data. Rate enhancements of 3-700 folds are observed For a number of spontaneous 
hydrolyses and decarboxylations [217,218]. Values of Ks cannot be measured 
independently for these substrate because the decompose spontaneously, but the 
kinetically determined values are reasonable. 
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I 	1 	1 	 (1.13) 
(k kw) (kw — km)+(kw —km)Ksp,] 
These equations have extensively been used and provided the basis for 
quantitative analysis of micellar rate effects. 
The simple distribution model (Eq. (1.12)) fails for micellar catalyzed 
bimolecular reactions, where rate passes through a maximum with increasing 
surfactant concentrations [219]. The quantitative treatments of such catalysis of 
reactions depend on evidence that the micelles can be treated as if they were a 
separate phase and that the distribution of ionic or nonionic reactants between 
water and the micelles can be measured directly or estimated indirectly. The 
results for the addition of CN- to N-alky1-3-carbamoylpyridinium ions are typical 
[220]. This consistent pattern, except for certain predictable limiting cases [221], 
was surprising at first because experimental conditions were selected to mimic 
those of enzyme catalyzed reactions [222,223]. The concentration of the second 
reactant was either buffered, if H~ or OH-, or in large excess over the substrate, 
with salt added to control ionic strength. The observed rate was expected to 
plateaus once all the substrate was bound. However, unlike enzyme kinetic 
experiments, the surfactant concentration in micellar catalyzed reactions is usually 
in large excess over both reactants. This difference is crucial because, unlike 
enzyme, increasing the micelle concentration can significantly alter the 
concentrations of both reactants in both pseudo-phases. 
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The maxima in rate-surfactant profiles are produced by two opposing 
effects. Binding of reactants begins at the CMC. and transfers them into the small 
volume of the micellar pseudo-phase. If the binding with substrate and nucleophile 
(it is necessary to consider the transfer of the second reagent, e.g., a nucleophile, 
X, between the two pseudo-phases) are large, the reactants' concentration within 
the micellar pseudo-phase in moles per dm3 of the micellar volume can be 100-
1000 times greater than their stoichiometric concentrations. The concentration 
effect is opposed by continuous dilution of the reactants within the micellar 
pseudo-phase with increasing surfactant concentration. Thus, the shape of rate—
surfactant profiles is primarily a phase transfer phenomena, but the extent of the 
change depends on the size of the binding and the difference in rate constants for 
reaction in the micellar and aqueous pseudo-phases. 
Another approach is to define concentration in the micellar pseudo-phase in 
terms of mole ratio. Concentration is then defined unambiguously, and the 
equations take a simple form [73,217,224,225]. Scheme 1.2 shows reaction 
between the substrate, S and nucleophile, X (or any other second reactant). The 
second reactant is generally in large excess over the substrate establishing pseudo- 
first-order conditions, so that 
K, 
nD~ Dn + SW 	 Sm 




k ,y = k,,, [Xw] 	 (1.14) 
and 
k,,,=k,,, M; 	 (1.15) 
where k,, and k,,, are second-order rate constants for reaction in aqueous and 
micellar pseudo-phases, respectively, and Mx is the mole ratio of micellar bound 
reactive nucleophile to micellized surfactant given by 
M.= [X]/D,, 	 (1.16) 
Substitution ofEgs. (1.14) and (1.15) into Eq. (1.12) gives: 
k _k.[X.]iK,kmMa[D„] 	 (117) 
1+K,[D„] 
k 	kw[X I+K,km[Xr] 	 (1.18) w= 	1+K.[D~1 
These, or similar, equations readily explain why first-order rate constants of 
micelle-assisted bimolecular reactions typically go through maxima with 
increasing surfactant concentration if the overall reactant concentration is kept 
constant. Addition of surfactant leads to binding of both reactants to micelles, and 
this increased concentration increases the reaction rate. Eventually, however, 
increase in surfactant concentration dilutes the reactants in the mioellar pseudo- 
phase and the rate falls. This behavior supports the original assumption that 
substrate in one micelle does not react with reactant in another, and that 
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equilibrium is maintained between aqueous and micellar pseudo-phases. Eqs. 
(1.17) and (1.18) and others, which are essentially identical but are written in 
different ways. can be applied to bimolecular micelle-assisted reactions provided 
that distribution of both reactants can be determined. The final form of the kinetic 
Eq. (1.17) will depend upon the properties of the second reactant: whether it is a 
neutral molecule, a hydrophilic or hydrophobic coion, a counterion to the micelle, 
or in complex systems, an anion of a weak organic acid XH. 
Statement of the Problem 
The explanation of the mechanism of catalysis or inhibition of reaction 
rates by surfactant micelles has attracted the attention in view of analogies drawn 
between the miceliar and enzyme catalyses. Micelles are considered as models for 
enzyme action because they are similar in shape and size, and more importantly; 
both have hydrophobic core and polar surfaces. Micelles affect rates of reactions 
due to several factors; by differential distribution of the substrate inside and 
outside the micelles and by perturbing the thermodynamic parameters of the 
reaction [226-229]. 
Micelle catalyzed reactions as models for electrostatic and hydrophobic 
interactions in biological system could provide information regarding the 
mechanism of tuning of reactions occurring on biological surfaces because 
micelles are simpler and more easily modified. 
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In contrast to conventional surfactants (single head/single tail), the gemini 
surfactants with their unique chemical structures have been found to possess 
properties which are superior to those of the former. These surfactants show low 
CMC values. unusually high surface activity, better soluhilization, multiplicity of 
aggregation, high viscoelasticity, and an enhanced propensity for lowering the oil-
water interfacial tension in comparison to their monomeric surfactants as a result 
of which many manufacturers and researchers have evinced keen interest in 
gemini surfactants [53]. Geminis have already been utilized in many fields as in 
skin care, antibacterial regimens. construction of high porosity materials, 
analytical separation and solubilization process [48-52]. 
Surprisingly, despite a large body of information being available on the 
physicochemical aspects of gemini surfactants and the assemblies they form, 
studies of their effects upon reaction rates has not attracted the due attention. For 
this reason we have performed kinetic studies of the ninhydrin—peptide/metal-
peptide complex reactions in micelle mediated aqueous medium under different 
experimental conditions. For this purpose we have used three dicationic gemini 
surfactants. For comparison, effect of the cationic surfactant C'I'AB. which can be 
considered as "monomeric'' counterpart of the above geminis. has also been 
examined under similar kinetic conditions. The reason for choosing this particular 
study is that the mechanism of ninhydrin-amino acids reaction in water, different 
solvent media and presence of CAB surfactant system is well established 
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[25,230-234]. Further. the reaction has biological importance too as it forms a 
model for several biochemical reactions that occur in the metabolism of 
deamination and transpeptidation [235,2361. 
It is important to mention here that, under the same reaction conditions, 
even a small amount of gemini surfactants (below their cmc values) was enough to 
accelerate the reaction rate than that of pure aqueous or CTAB micellar medium. 
The work was undertaken in the hope that the introduction of gemini surfactants 
may cause the use of low reactant concentration as well as maximize the rate, thus, 
enhance the sensitivity of the technique/reaction. 
Also, the present work of kinetic studies on ninhydrin—peptide/metal-
peptide complex reactions in aqueous and surfactant systems may find some 
applications to improve contrast and visualization of ninhydrin developed 
fingerprints that may prove a step forward from the methods already in use. 
Layout of the Thesis 
This thesis consists of the following four chapters: 
Chapter — I: General Introduction. 
Chapter — 11: Experimental. 
Chapter — III: Ninhydrin—peptide reactions in aqueous and CTAB/gemini 
surfactant systems. 
Chapter — IV: Ninhydrin—metal-peptide complex reactions in aqueous and 
CTAB/gemini surfactant systems. 
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The surfactants (conventional. cationic aeminis (16-s-16, s = 4, 5, 6)) and 
other materials used in the present study are given in "Table 2.1, which also 
includes their abbreviation, chemical formula, snake and purity. The gemini 
surfactants were prepared in the laboratory using the procedure given below. 
Synthesis of Bis(Quaternary Anmmonium) Surfactants 
There are two main factors which are important in their preparation: one is 
synthesis and the other is purification. The bis(quaternary ammonium) surfactants 
were synthesized by adopting the following Scheme 2.1 and the procedure 
outlined in reference [fl. 
Br(CH2)S Br 




-+-(CH2)S N-}(CH3)2CTI21  
Br 	Br 
(n 16:s=4.5,6) 
Scheme 2.1: Synthesis of the cationic gemini surfactants. 
57 
A 1:2.1 equivalent mixture of corresponding a, aw-dibromoalkanes (s = 4, 5, 
6) with N, N-dimethvlhexadecylamine (n = 16) in dry ethanol was relluxed (at 80 
°C) for 48h. The progress of reaction was monitored using TLC technique. At the 
end, the solvent was removed under vacuum from reaction mixture and the solid 
thus obtained was recrystallized several times from hexane/ethyl acetate mixtures 
to obtain the compound in pure form. The overall yield of the surfactants ranged 
from 70-90%. Purity of all the gemini surfactants was checked on the basis of C, 
H, N analysis and further characterized by 'H NMR. 
Spectral data for the gemini surfactants are collected in Table 2.2 and 
Figures 2.1-2.3. 
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Table 2.1: Names, structural formulae and purity of chemicals used. 
Name 	 Abbreviation Structural formula 	 Make 	 % Purity 
Reagents used for synthesis 
1, 4-Dibromobutane C41lxBr2 Fluka ? 98.0 
(Germany) 
1. 5-Dibromopentane C5H10Br2  Fluka > 98.0 
(Germany) 
1. 6-Dibrornohexane C6H12Br, Fluka > 97.0 
(Germany) 
N, N-Dimethylhexadecylamine C18H39N Fluka > 99.0 
(Germany) 
Hexane (for HPLC and C6H14 s.d. fine 99.0 
spectroscopy) (India) 
Ethylacetate (for IIPLC and 	EtOAc C4H80, s.d. fine 99.7 
spectroscopy) (India) 





Cetyltrimethylammonium 	CTAB 	C19H42BrN 
	
BDI-I 
	 > 99.0 
bromide 	 (England) 
Gemini surfactants 
1, 4-Bis(N-hexadecyl-N, N- 	16-4-16 	C40H86N2-2Br - 	 Self—synthesized 
dimethylammonium)butanc 
dibromide 
1. -Bis(N-hexadecyl-N, N- 	16-5-16 	C41H88N2-2Br 	 Self—synthesized 
dimethylammonium)pentane 
dibromide 











I- N-CH-C-NH -C1 - COOH 
GIycyI-L-Phenylalanine 	Gly-Phe 	Ph 	 Sigma 
CH 0 	 (USA) 
~ 2 11 
1,N-CH-C-NH--C1- C001-I 




Nickel nitrate 	 Ni(NO3)2.6H20 	 Merck 	 >97.0 
(India) 




Zinc Sulfate 	 ZnSO4.7H20 	 Merck 
(India) 
Sodium acetate 	 CH3COONa 	 Merck 
(India) 
Acid 





Table 2.2: Spectral data of the synthesized gemini surfactants. 
Compound 	Structure 	 'H NMR b (ppm) 	 No. of 
(Solvent CDC13) 	 proton 
Assignment 6 (ppm) 
16-4-16 f 
a 	b+c 	d 	e 	h CH3 









H3 a 	(H2C)12 H2C 	H2C H2C 
b+c 	d e 	f CH3 
f 
It 0.883 6 
b+c 1.257-1.344 48 
d 1.754 4 
e 2.084 4 








a b+c e 	 f 	i CH3 
H 3C (H2C)12 CH2 H-H2C H2CN
N ~rh 
a 	0.580-0.903 	6 
N\ CH3 b+c 	1.257-1.35 	48 
g//2 	d 	1.617-1.663 	2 
H 2C Nd 	c 	1.728 	 4 
/CH2 
g 	 f 	1.854 	 4 
H 2C 
~ 	g 	2.073-2.126 	4 
/C H 2 	h 	3.349 	 12 
 3.445-3.501 	4 
f 	
3H C (H2C)2 CH2 H 2C 	H 7C,zI Br 









f 	i 	CH 
a 0.857-0.900 6 H 2C 	H2CN +B r h 
N 	CH3 
Ni 
 b+c 1.255-1.350 48 
g /CH2 d 1.580-1.618 2 
H ?C\ e e 1.715 4 
e f 1.995 4 
H 2C 	g g 2.252 4 
i 	 CH2 
/ H C 2 h 3.113 12 
\ + 	- 
\ rh ~N 
1 3.284-3.712 4 
+ 3.65 -3.712 4 H3C (H2 C) H2C H2C 	H2C 	CH3 J 
a 	n+c 	12 d f i 	CH; 
h 
65 
y 	 w 	 Q 
PPM 	 3.S 	 3.0 
OI 	R Q7 ~' 
Q 0 
2.5 	 2.0 	 15 	 l:n 
W Q c 
p 	m v t('7 Q O 	n 
m 
R1 N 	W m
^ ^ o 
Figure 2.1: 'H NMR spectrum of 16-4-16 in CDCI3. 
a n.. w n 	n v N N P 	 V a n 	. snot-  	n O n r  N alp N I V NnOJI 	p ama CD Nt ~n .100 	V 	 ArtAH parr 
N
Il I 1111 \11! 	~I1 
4.0 	3.5 	3.0 	2.5 	2.0 	1.5 	1.0 	ppn 
Figure 2.2: 1 H NMR spectrum of 16-5-16 in CDC13. 
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Figure 2.3: 'H NMR spectrum of 16-6-16 in CDC13. 
Preparation of Solutions 
The water used to prepare the solutions was double-distilled over alkaline 
KMnO4 in all-glass (Pyrex) distillation set-up. The specific conductivity of this 
water was in the range (1-2) x 10-6 ohm'' cm". 
Acetate buffer (pH = 5.0) solution 
The acetate buffer was prepared by mixing 30 cm3 of 0.20 mot dm 3 acetic 
acid and 70 cm3 of 0.20 mol dm' sodium acetate [2]. 
Surfactant solutions 
Surfactant solutions were prepared by dissolving appropriate amount/ 
volume of CTAB and geminis in the buffer solution (pH — 5.0). 
Ninhydrin solution 
The stock solution of ninhydrin was prepared in the buffer solution (pH = 
5.0) and was stored in a dark bottle. 
Peptide solutions 




The pH measurements of the solutions were made with an ELICO pH-
meter type LI-122 (ELICO, Hyderabad, India) fitted with an ELICO CH-4l glass 
and calomel combination electrode. The electrode was stored in pH 7.0 buffer and 
was washed in deionized double-distilled water before use; it was then rinsed with 
pH 7.0 buffer and the pH meter was standardized using pH 4.0 buffer solution. 
Whenever the solution was changed, the electrode was rinsed with double-distilled 
water and the surplus water removed and the pH-meter was restandardized using 
the pH 4.0 buffer solution. All the pH measurements were made at least in 
triplicate and they agreed within f 0.02. 
Spectra of the Reaction Product 
The reaction or amino acids/peptides with ninhydrin forms a purple colored 
product [3-11]. But the color of the final product in presence of a metal ion 
depends upon the order of mixing of the metal ion. Spectra of the products, 
recorded in the absence and presence of surfactant micelles (CTAB/geminis), 
using a SHIMDAZU-model UV mini 1240 spectrophotometer, show no shift in 
(the wavelength of maximum absorbance, Figures 2.4-2.11). The results also 
indicate that the ninhvdrin-peptide/metal-peptide reactions are catalyzed by 
CTAB/gemini micelles. 
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The interaction of ninhydrin with metal-coordinated peptides was studied in 
the present investigations. While instantaneous complexation occurs with Cu(II)-
and Ni(II)-, Cr(III)- is slow in its complexation with amino acids [12,13]. 
Therefore, Cr(IIl)-peptide complexes were prepared as follows. Solutions of the 
reactants (1:1 molar) were taken in a graduated standard flask, boiled for 2 min, 
and heated in a controlled manner at 90 °C for 2h. After completion of the 
reaction, the flask was cooled to room temperature and loss in volume, if any, was 
maintained by the buffer (p1-I = 5.0). As a result, a violet colored complex was 
formed [12]. which was then stored in dark. This Cr(II1)-peptide complex was 
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Figure 2.4: Absorption spectra of the reaction product of ninhydrin with Gly-Tyr 
in absence and presence of surfactants: (a) immediately after mixing the reactants; 
(b) same as solution (a) in presence of 16-6-16; (c) same as solution (a) in 
presence of 16-5-16; (d) same as solution (a) in presence of 16-4-16; (e) same as 
solution (a) in presence of CTAB; (f) after heating solution (a) at 70°C for 2h; (g) 
after heating solution (b) at 70 °C for 2h; (h) after heating solution (c) at 70 °C for 
2h; (i) after heating solution (d) at 70 °C for 2h; (j) after heating solution (e) at 70 
°C for 2h. Reaction conditions: [ninhvdrin] = 6.0 x 10-' mol dmi3. [Gly-Tyr] = 3.0 
x 10"a mol dm-3, [16-s-161 = 30 x 10 mol dm-3 (s = 4, 5. 6), [CTAB] = 30 x 10-3  
mol din"3, p1-1 = 5.0. 
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Figure 2.5: Absorption spectra of the reaction product of ninhydrin with 
[Ni(II)-Gly-Tyr]' in absence and presence of surfactants: (a) immediately after 
mixing the reactants; (b) same as solution (a) in presence of 16-6-16; (c) same as 
solution (a) in presence of 16-5-16; (d) same as solution (a) in presence of 
16-4-16; (e) same as solution (a) in presence of CTAB; (f) after heating solution 
(a) at 80 °C for 2h; (g) after heating solution (b) at 80 °C for 2h; (h) after heating 
solution (c) at 80 °C for 2h; (i) after heating solution (d) at 80 °C for 2h; (j) after 
heating solution (e) at 80 °C for 2h. Reaction conditions: [ninhydrin] = 6.0 x 10-' 
mol dm"', [Ni(II)-Gly-Tyr]+ = 3.0 x 10"a mol dm"', [ 16-s-16] = 30 x 10-5 mol dm-3 
(s = 4, 5. 6), [CTAB] = 30 x 10"' mol dmi', p1l = 5.0. 
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Figure 2.6: Absorption spectra of the reaction product of ninhydrin with 
[Cr(III)-Gly-Tyr]Z+ in absence and presence of surfactants: (a) immediately after 
mixing the reactants; (b) same as solution (a) in presence of 16-6-16; (c) same as 
solution (a) in presence of 16-5-16; (d) same as solution (a) in presence of 
16-4-16; (e) same as solution (a) in presence of CTAB; (f) after heating solution 
(a) at 80 °C for 2h; (g) after heating solution (b) at 80 °C for 2h; (h) after heating 
solution (c) at 80 °C for 2h; (i) after heating solution (d) at 80 °C for 2h; (j) after 
heating solution (e) at 80 °C for 2h. Reaction conditions: [ninhydrin] = 6.0 x 10-3 
mol dm', [Cr(III)-Gly-Tyr]2 = 3.0 x 10-} mol dm 3, [16-s-16} = 30 x 10 5 mol dm'3 
(s = 4, 5, 6), [CTAB] = 30 x 10' mol dm'', pl-I = 5.0. 
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Figure 2.7: Absorption spectra of the reaction product of ninhydrin with 
[Zn(II)-Gly-Tyr]- in absence and presence of surfactants: (a) immediately after 
mixing the reactants; (b) same as solution (a) in presence of 16-6-16; (c) same as 
solution (a) in presence of 16-5-16; (d) same as solution (a) in presence of 
16-4-16; (c) same as solution (a) in presence of CTAB; (f) after heating solution 
(a) at 80 °C for 2h; (g) after heating solution (b) at 80 °C for 2h; (h) after heating 
solution (c) at 80 °C for 2h; (i) after heating solution (d) at 80 °C for 2h; (j) after 
heating solution (e) at 80 °C for 2h. Reaction conditions: [ninhydrin] = 6.0 x 10-3 
mol dm-', [Zn(II)-Gly-7'yr]~ = 3.0 x 10 mol dm'', [ 16-s-16] = 30 x 10-5 mol dm-3 
(s =4. 5. 6). [C'1'AB] = 30 x 10-' mol dm-3, pII = 5.0. 
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Figure 2.8: Absorption spectra of the reaction product of ninhydrin with Gly-Phe 
in absence and presence of surfactants: (a) immediately after mixing the reactants; 
(b) same as solution (a) in presence of 16-6-16; (c) same as solution (a) in 
presence of 16-5-16; (d) same as solution (a) in presence of 16-4-16; (e) same as 
solution (a) in presence of CTAB; (f) after heating solution (a) at 70°C for 2h; (g) 
after heating solution (b) at 70 °C for 2h; (h) after heating solution (c) at 70 °C for 
2h; (i) after heating solution (d) at 70 °C for 2h; 0) after heating solution (e) at 70 
°C for 2h. Reaction conditions: [ninhydrin] = 6.0 x 10 mol dm-', [Gly-Phe] = 4.0 
x 10' mol din-3, [ 16-s-16] = 30 x 10'5 mol dm-3 (s = 4, 5, 6). [CTAB] = 30 x 10-3  
mol dm-', pH = 5.0. 









400 	450 	500 	550 	600 
\\Wavelength (nm) 
Figure 2.9: Absorption spectra of the reaction product of ninhydrin with 
[Ni(II)-Gly-Phef in absence and presence of surfactants: (a) immediately after 
mixing the reactants; (b) same as solution (a) in presence of 16-6-16; (c) same as 
solution (a) in presence of 16-5-16; (d) same as solution (a) in presence of 
l6-4-l6 (e) same as solution (a) in presence of CTAB; (f) after heating solution 
(a) at 70 °C for 2h; (g) after heating solution (b) at 70 °C for 2h; (h) after heating 
solution (c) at 70 °C for 2h; (i) after heating solution (d) at 70 °C for 2h; 0) after 
heating solution (e) at 70 °C for 2h. Reaction conditions: [ninhydrin 1 = 6.0 x 10-3 
mol dm-', [NI(II)-Glv-PheP 4.0 x 10'; mol dm'3, [ 16-s-16] = 30 x 10 5 mol dm 3  
(s = 4. 5, 6), [CTABJ = 30 x 10V mol dm. pH=5.0. 
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Figure 2.10: Absorption spectra of the reaction product of ninhydrin with 
[Cr(III)-Gly-Phe]2 in absence and presence of surfactants: (a) immediately after 
mixing the reactants: (b) same as solution (a) in presence of 16-6-16; (c) same as 
solution (a) in presence of 16-5-16; (d) same as solution (a) in presence of 
16-4-16; (e) same as solution (a) in presence of CTAB; (f) after heating solution 
(a) at 70 °C for 2h; (g) after heating solution (b) at 70 °C for 2h; (h) after heating 
solution (c) at 70 °C for 2h; (i) after heating solution (d) at 70 °C for 2h; (j) after 
heating solution (e) at 70 °C for 2h. Reaction conditions: [ninhydrin] = 6.0 x 10-3 
mol dm-'. [Cr(1I1)-G1y-Phe]2- = 4.0 x 10 a mol dm"3, [ 16-s-16] = 30 x 10 mol dm"3 
(s = 4. 5. 6), [CTAB] = 30 x 10,' mol dm-', pH = 5.0. 
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Figure 2.11: Absorption spectra of the reaction product of ninhydrin with 
[Zn(II)-Gly-Phe] in absence and presence of surfactants: (a) immediately after 
mixing the reactants; (b) same as solution (a) in presence of 16-6-16; (c) same as 
solution (a) in presence of 16-5-16; (d) same as solution (a) in presence of 
16-4-16: (e) same as solution (a) in presence of CTAB; (f) after heating solution 
(a) at 70 °C for 2h; (g) after heating solution (b) at 70 °C for 2h; (h) after heating 
solution (c) at 70 °C for 2h; (i) after heating solution (d) at 70 °C for 2h; 0) after 
heating solution (e) at 70 °C for 2h. Reaction conditions: [ninhydrin] = 6.0 x 10-3 
mol dm"3 , [Zn(II)-Gly-Phe]- = 4.0 x 10 a mol dm'. {16-s-16] = 30 x 10"5 mol dm ' 
(s = 4. 5. 6), [CTAB] = 30 x 10-? mol dm"3 , pH = 5.0. 
Lines are drawn as a guide to the eye. 
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Determination of the Composition of the Products by Job's Method of 
Continuous Variations 
To find out the stoichiometry of the reaction products. Job's method [14] of 
continuous variations was employed in the absence and presence of micclles. Nine 
test-tubes (calibrated) having 1, 2, 3,......, 9 cm3 of metal-peptide complex 
solutions were arranged and ninhydrin solution of the same rnolarity was added to 
the respective test tubes to make the volume 10 cm'. These mixtures were kept in 
thermostated oil bath at 95 °C for 2h and then cooled to room temperature. Buffer 
solution was added to compensate any loss in the volume. After that their 
absorbances were recorded at appropriate selected wavelengths of maximum 
absorption. Absorbanees of corresponding concentrations of metal-peptide 
complex and ninhydrin solutions were also recorded. The difference in 
absorbance, AA, where AA = [Absorbance of the product-(Absorbance of metal-
peptide complex + Absorbance of ninhvdrin)]. was obtained for all the sets, which 
were then plotted against the mole fraction of ninhydrin. Similar steps were 
repeated in presence of CTAB and gemini micelles. Representative plots are 
shown in Figures 2.12-2.17 and a summary of the results is presented in Table 2.3. 
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Figure 2.12: Plots of AA4 vs. mole fraction of ninhydrin for determination of 
composition of the product formed by the reaction of [Ni(lI)-Gly-Tyr]` with 
ninhydrin: (a) in absence of surfactant; (b) in presence of 16-6-16; (c) in presence 
of 16-5-16; (d) in presence of 16-4-16; (e) in presence of CTAB. Reaction 
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Figure 2.13: Plots of AA400 vs. mole fraction of ninhydrin for determination of 
composition of the product formed by the reaction of [Cr(I11)-Gly-Tyr]2+ with 
ninhydrin: (a) in absence of surfactant; (b) in presence of 16-6-16; (c) in presence 
of 16-5-16; (d) in presence of 16-4-16; (e) in presence of CI'AB. Reaction 
conditions: [16-s-16] = 30 x 10-5 mol dm'' (s = 4, 5, 6), [CTAB] = 30 x 10-3 mol 
dm'3. 
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Figure 2.14: Plots of AA400 vs. mole fraction of ninhydrin for determination of 
composition of the product formed by the reaction of [Zn(II)-Gly-Tyr]+ with 
ninhydrin: (a) in absence of surfactant; (b) in presence of 16-6-16; (c) in presence 
of 16-5-16; (d) in presence of 16-4-16; (e) in presence of CTAB. Reaction 
conditions: [16-s-16] = 30 x 10"5 mol dm"' (s = 4, 5, 6), [CTAB] = 30 x 10'3 mol 
dm 3 . 
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Mole fraction of ninhyrin 
Figure 2.15: Plots of AA400 vs. mole fraction of ninhydrin for determination of 
composition of the product formed by the reaction of [Ni(II)-G1y-Phe]+ with 
ninhydrin: (a) in absence of surfactant; (b) in presence of 16-6-16; (c) in presence 
of 16-5-16; (d) in presence of 16-4-16; (e) in presence of CTAB. Reaction 
conditions: [ 16-s-16] - 30 x 10-5 mol dm-3 (s = 4, 5, 6), [CTAB] = 30 x 10-3 mol 
dm"'. 
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Mole faction of ninhydrin 
Figure 2.16: Plots of AA4O0 vs. mole fraction of ninhydrin for determination of 
composition of the product formed by the reaction of [Cr(III)-Gly-Phe]2+ with 
ninhydrin: (a) in absence of surfactant; (b) in presence of 16-6-16; (c) in presence 
of 16-5-16; (d) in presence of 16-4-16; (e) in presence of CTAB. Reaction 
conditions: [ 16-s-16] = 30 x 10 5 mol dm'' (s = 4, 5, 6), [CTAB] = 30 x i0" mol 
dm''. 
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Figure 2.17: Plots of AA400 vs. mole fraction of ninhydrin for determination of 
composition of the product formed by the reaction of [Zn(II)-Gly-Phe]+ with 
ninhydrin: (a) in absence of surfactant; (b) in presence of 16-6-16; (c) in presence 
of 16-5-16; (d) in presence of 16-4-16; (e) in presence of CTAB. Reaction 
conditions: [16-s-16] = 30 x 10-K mol dm-' (s = 4, 5, 6), [CTAB] = 30 x 10"' mol 
dm-3. 
t. . 
Table 2.3: Summary of the results of Job's method. 
Complex 	 Composition 
[Ni(Il)-Gly-Tyr]' - ninhydrin 
[Cr(I1[)-Gly-Tyr]2~ - ninhydrin 
[Zn(II)-Gly-Tyr] ' - ninhydrin 
[Ni(II)-Gly-Phe]+ - ninhydrin 
[Cr(III)-Gly-Phel" - ninhydrin 
[Zn(II)-Gly-Phe]' - ninhydrin 
Aqueous CTAB 16-6-16 16-5-16 16-4-16 
1:1 1:1 1:1 1:1 1:1 
1:1 1:1 1:1 1:1 l:l 
1:1 ]:] 1:1 1:1 1:1 
1:1 1:1 1:1 la 1:1 
1:1 L:1 1:1 1:1 1:1 
1:1 1:1 1:1 1:1 1:1 
Kinetic Measurements 
The required solution of peptide along with other reagents (when required) 
was taken in a three-necked reaction vessel having provision for N2-gas 
inlet/outlet and also equipped with double—surface water condenser. The vessel 
was then immersed in a thermostat maintained at required temperature within ± 
0.1 °C. The reaction was initiated by adding the requisite volume of thermally 
equilibrated ninhydrin solution. The zero time was recorded when half of the 
ninhydrin solution has been added. A slow stream of pure Nz (free from OZ and 
CO2) was bubbled through the reaction mixture for stirring as well as to maintain 
an inert atmosphere. The progress of the reaction was monitored 
spectrophotometrically by pipetting out aliquots at various time intervals and 
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measuring the absorbance of the reaction product at the selected wavelength 
(Xma ). The [ninhydrin] was kept in excess (> 10 times) in order to maintain 
pseudo-first-order conditions. Values of pseudo-first-order rate constants (k„b, in 
aqueous and k, in miccllar media) were obtained from plots of (log [(An A,)1(A0- 
A)]) vs. time (t) by a least-squares regression analysis of the data. The values of 
absorbance at infinite time (A.) for each system were obtained in the following 
manner. At the end of each kinetic run, 10 cm3 of the solution mixture (after 
taking into a standard votumetric flask) was boiled for 2 min. It was then cooled to 
room temperature and. after adding buffer solution to compensate any volume 
loss, the complete absorbance spectrum was then recorded. Multiple kinetic runs 
showed that the data were reproducible within - 3%. The dependence of observed 
rate constants was obtained as a function of [peptide], [ninhydrin], [surfactant], pH 
and temperature. The results are recorded in Chapters III and IV. 
Determination of CMC by Conductivity Measurements 
The conductivity measurements of the surfactant solutions were made at the 
desired temperature by a conductivity bridge (Type CM 82 T. ELICO, Hyderabad, 
India) using platinized electrodes (cell constant — 1.02 cm'). After measuring 
conductivity of the solvent (taken in a glass container which was immersed in a 
constant temperature bath), small volumes of the surfactant solutions were added 
and the conductivity was noted after each addition and ensuring complete mixing. 
The specific conductivity (K, elan' cm I ) was calculated by applying solvent 
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corrections. The critical micelle concentration (CMC) values of the surfactant in 
the absence and presence of reactants were obtained from conductivity vs. 
concentration plots. Experiments were carried out under different conditions, i.e., 
solvent being water, water + ninhydrin, water + peptide, water + metal-peptide 
complex, and water + metal-peptide complex + ninhydrin. The values of CMC are 
recorded in Tables 2.4-2.7. 
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Table 2.4: Critical micelle concentration values of CTAB in the absence and 
presence of reactants at 30 °C, 70 °C and 80 T. 
Solution 	 10 (mol dm'3) 
30 °C 70 °C 80 °C 
Water 9.1 12.4 13.7 
Ninhydrin 8.9 11.9 12.8 
Gly-Tyr 9.0 11.8 - 
Gly-Phe 9.8 12.9 - 
Ninhydrin + Gly-Tyr 9.0 12.3 - 
Ninhydrin + Gly-Phe 10.1 12.5 - 
[Ni(II)-Gly-Tyr] ' 7.2 - 13.8 
[Cr(I1l)-Gly-Tyr]21  7.3 - 9.2 
[Zn(II)-Gly-Tyr]+ 9.2 - 10.5 
[Ni(1I)-Gly-Phe]+ 7.0 11.8 - 
[Cr(IlI)-Gly-Phe12 6.8 9.2 - 
[Zn(lI)-Gly-Phe] t 4.8 8.5 - 
[Ni(ll)-Gly-Tyr]+ + 6.6 - 10.7 
v 
[Cr(III)-Gly-Tyr]2 	+ 7.1 - 11.6 
ninhydrin 
[Zn(II)-Gly-Tyr]' + 9.3 - 10.4 
ninhydrin J 
(Ni(II)-Gly-Phe]'- + 6.8 11.6 -  
ninhydrin J 
[Cr(III)-G1y-Phe]2+ + 5.6 8.5 -  
ninhydrin J 
[Zn(HI)-Gly-Phe]+ + 4.7 8.3 - 
ninhydrin 
Table 2.5: Critical micelle concentration values of 16-6-16 in the absence and 
presence of reactants at 30 °C, 70 °C and 80 °C. 
Solution 	 10 (mol dm') 
30 °C 70 °C 80 °C 
Water 0.43 0.58 0.58 
Ninhydrin 0.39 0.55 0.60 
Gly-Tyr 0.40 0.55 - 
Gly-Phe 0.45 0.50 - 
Ninhydrin + Gly-Tyr 0.41 0.56 - 
Ninhydrin + Gly-Phc 0.43 0.52 - 
[Ni(Il)-Gly-Tyr] 0.45 - 0.50 
[Cr(1II)-Gly-Tyr]2+  0.40 - 0.49 
[Zn(II)-G1y- I yr]+ 0.46 - 0.57 
[Ni(II)-Gly-Phe]+ 0.43 0.49 - 
[Cr(III)-Gly-Phe]z+ 0.40 0.48 - 
[Zn(Il)-Gly-Phe]` 0.39 0.46 - 
[Ni(II)-GIy-Tyr] + 0.38 - 0.59 
ninhydrin 
[Cr(II1)-Gly-Tyr]2l + 0.38 - 0.51 
ninhydrin 
[Zn(II)-Gly-Tyr]' + 0.48 - 0.54 
ninhydrin 
[Ni(II)-Gly-Phc]+ + 0.42 0.50 - 
ninhydrin 
[Cr(I1I)-Gly-Phe]2'+ 0.38 0.47 - 
ninhydrin 
[Zn(I1)-Gly-Phe]+ + 0.37 0.45 - 
ninhydrin 
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Table 2.6: Critical micelle concentration values of 16-5-16 in the absence and 
presence of reactants at 30 °C, 70 °C and 80 °C 
Solution 	 10 cmc (mol dm ) 
30 °C 70 °C 80 °C 
Water 0.34 0.50 0.55 
Ninhydrin 0.33 0.43 0.53 
Gly-Tyr 0.34 0.49 - 
Gly-Phe 0.44 0.52 - 
Ninhydrin - Gly-Tyr 0.33 0.48 - 
Ninhydrin + Gly-Phe 0.43 0.51 - 
[Ni(II)-G1y-Tyr]' 0.46 - 0.44 
[Cr(III)-G1y-Tyr]2*  0.41 - 0.57 
[Zn(11)-GIy-Tyr] 0.47 - 0.57 
[Ni(11)-Gly-Phe]t 0.41 0.50 - 
[Cr(Ill)-Gly-Phe]2 0.40 0.49 - 
[Zn(ll)-Gly-Phe]` 0.38 0.45 - 
[Ni(lI)-Gly-Tyr]`+ 0.43 - 0.56 
ninhydrin 
[Cr(I[I)-Gly-Tyr]''`+ 0.39 - 0.50 
ninhydrin 
[Zn([I)-G1y-Tyr]'+ 0.48 - 0.53 
ninhydrin 
[Ni(II)-G1y-Phc]+ + 0.40 0.49 - 
ninhydrin 
[Cr(111)-Gly-Phe]2`+ 0.37 0.46 - 
ninhydrin 
[Zn(II)-Gly-Phe]`+ 0.37 0.44 - 
ninhydrin 
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Table 2.7: Critical micelle concentration values of 16-4-16 in the absence and 
presence of reactants at 30 °C, 70 °C and 80 °C. 
Solution 	 10 erne (mol dm" ) 
30 °C 	70 °C 	 80 °C 
Water 0.32 0.44 0.43 
Ninhydrin 0.31 0.40 0.44 
Gly-Tyr 0.29 0.42 - 
Gly-Phe 0.35 0.43 - 
Ninhydrin + Gly-Tyr 0.31 0.41 - 
Ninhydrin + Gly-Phe 0.37 0.42 - 
[Ni(II)-Gly-Tyr]+ 0.34 - 0.48 
[Cr(III)-Gly-Tyr]2* 0.39 - 0.43 
[Zn(II)-Gly-Tyr]+ 0.41 - 0.49 
[Ni(II)-Gly-Phe]' 0.34 0.42 - 
[Cr(III)-Gly-Phe]21  0.33 0.40 - 
[Zn(II)-Gly-Phe]+ 0.32 0.39 - 
[Ni(II)-G1y-Tyr]} + 0.41 - 0.49 
ninhydrin 
[Cr(III)-Gly-Tyr]2 	+ 0.35 - 0.46 
ninhydrin 
[Zn(II)-Gly-Tyrj' + 0.39 - 0.50 
ninhydrin 
[Ni(II)-Gly-Phe]+ + 0.35 0.41 - 
ninhydrin 
[Cr(III)-Gly-Phe]2 	+ 0.34 0.39 - 
ninhydrin 
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Chapter-III 
Ninhydrin—Peptide Reactions in 
Aqueous and CTAB/Gemini Surfactant 
Systems 
Different amino acids/peptides (except proline) react with ninhydrin with 
different rates but all produce the same final product [1]. Spectra of the product 
formed by the reaction between ninhydrin and pcptides (i.e., Gly-Tyr and 
Gly-Phe) in buffer solution have been taken in aqueous and in CTAB/geminis 
micellar media. The absorbance increases with increase in CTAB/geminis 
concentration. As no shift in X 	(570 nm) was detected in presence of 
CTAB/geminis. it is inferred that the same product is formed in both the media. 
The absorbance maximum (Xmax= 570 nm) is usually utilized for qualitative and 
quantitative analyses. 
Reactions in micellar media are influenced by hydrophobic and electrostatic 
forces [2]. For a given reaction, the observed rates depend on the extent of 
reagent(s) association with micellar aggregates. All kinds of micellar mediated 
organic reactions (ionic, polar, and neutral) are generally believed to occur in the 
Stem layer of a micelle of an ionic surfactant. Non-functionalized micelles which 
catalyze reactions provide a simple illustration of utilization of the binding energy 
between a phase or macromolecule and the reactants to lower the free energy of 
activation. The characteristics of micelles play a very significant role in catalysis. 
A little change in the structure of micelles can bring changes in rigidity and 
surface properties of micelles and hence affect the reactants' activity [3]. 
We have performed systematic kinetic and mechanistic studies of ninhydrin 
with peptide for the formation of Ruhemann's purple in aqueous and 
CTAB/geminis micellar medium. 
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The results are described in the following pages. 
Results 
Effect of p!i on the Reaction Rate 
As the solution pH plays a significant role toward the yield and stability of 
Ruhemann's purple [1], the effect of pH on the reaction rate of peptide—ninhydrin 
reaction was studied in the pH range 4.0 to 6.0, keeping fixed concentrations of 
ninhydrin. peptide and temperature (Tables 3.1 and 3.2). Experiments were also 
performed in presence of CTAB/geminis. It is found that the value of rate constant 
increases up to pH ° 5.0 and then becomes almost constant (Figures 3.1 and 3.2). 
Every elementary reaction of a-amino acids/peptides and ninhydrin depends upon 
the [H-] because the reaction proceeds through the formation of an intermediate 
which has Schiff base linkage (>C = N-). The product (Schiff base) formation is 
acid catalyzed and pH 5.0 is the optimum p11. All subsequent kinetic 
measurements were, therefore, made at pl I = 5.0. 
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Table 3.1: Effect of pH on pseudo-first-order rate constants (k0b,/k4,) for the 
reaction of Gly-Tyr with ninhydrin. 
Reaction conditions: 
[Gly-Tyr] 	= 3.0 x 10-4 mol dm-3  
[ninhydrin] 	= 6.0 x 10-3 mol dm-' 
[CTAB] 	 = 30.0 x 10' mol dm' 
11 16-s-16] 	= 30.0 x 10-5 mol dm-' (s = 4, 5, 6) 
Temperature 	= 70 °C 
pH 10' kobs 




CTAB 16-6-16 16-5-16 16-4-16 
4.0 0.8 3.6 2.4 2.6 2.9 
4.5 1.2 4.4 3.0 3.4 4.4 
5.0 5.6 12.1 11.1 12.3 14.9 
5.5 6.4 12.5 11.4 12.8 15.4 





















(s i )  
CTAB 
Table 3.2: Effect of pH on pseudo-first-order rate constants (kohl/k,,) for the 
reaction of Gly-Phe with ninhydrin. 
Reaction conditions: 
[Gly-Phe] 	= 4.0 x 10-`' mol dm-3  
[ninhydrin] 	= 6.0 x 10-' mol dm-3  
[CTAB] 	 = 30.0 x 10-j  mol dm-3  
[ 16-s-16] 	= 30.0 x 10 5 mol dm"' (s = 4, 5, 6) 
Temperature 	= 70 °C 
pH 	10' k°bS (s-1)  
Aqueous 
4.0 2.1 8.1 
4.5 3.2 11.0 
5.0 7.2 19.3 
5.5 8.5 20.8 
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pH 
Figure 3.1: Effect of pH on the reaction rate of Gly-Tyr with ninhydrin in absence 
and presence of surfactants: (a) in absence of surfactant; (b) in presence of 
16-6-16; (c) in presence of CTAB; (d) in presence of 16-5-16; (e) in presence of 
16-4-16. Reaction conditions: [ninhydrin] = 6.0 x 10-3 mol dm"', [Gly-Tyr] = 3.0 x 
10-a mol dm"3, [16-s-16] = 30 x 10"5 mol dm"' (s = 4, 5, 6), [CTAB] = 30 x 10 3  
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Figure 3.2: Effect of p1-1 on the reaction rate of Gly-Phe with ninhydrin in absence 
and presence of surfactants: (a) in absence of surfactant; (b) in presence of 
16-6-16; (c) in presence of 16-5-16; (d) in presence of 16-4-16; (e) in presence of 
CTAB. Reaction conditions: [ninhydrin] = 6.0 x 10 mol drn '', [G1y-Phe] = 4.0 x 
10 mol dm'', {16-s-16] = 30 x 10' mol drn (s = 4, 5, 6), [CTAB] = 30 x 10 
mol dm-3, temp. = 70 °C. 
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Effect of Peptide Concentration on the Reaction Rate 
The dependence of the reaction rate on [peptide] was determined by 
carrying out the kinetic runs at different concentrations of peptide (keeping 
[ninhydrin] (6.0 x 10 3 mol dm "3), temperature (70 °C), and pH (5.0) constant) in 
both aqueous and micellar media (CTAP/gemini). The k°ss and kW values are 
recorded in Tables 3.3 and 3.4. As the kb, and kW values were independent of 
initial concentration of peptide, the order of reaction with respect to [peptide] is 
confirmed to be unity in both the media. 
Effect of Ninhydrin Concentration on the Reaction Rate 
To investigate the effect of [ninhydrin] on the reaction rate, the kinetic 
experiments were performed at different concentrations of ninhydrin ranging from 
6.0 x 10-3 to 40.0 x 10"3 mol dm13 at constant [peptide], temperature (70 °C), and 
pH (5.0). The rate constant values in the two media are recorded in Tables 3.5 and 
3.6. The rate constant vs. [ninhydrin] profile is nott-linear and pass through the 
origin (Figures 3.3 and 3.4); this indicates the order with respect to [ninhydrin] to 
be fractional in both the media. 
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Table 3.3: Effect of [Gly-Tyr] on pseudo-first-order rate constants (k,,i,,/k,,) for the 
reaction of Gly-Tyr with ninhydrin. 
Reaction conditions: 
[ninhydrin] 	= 6.0 x 10-' mol dm'' 
[CTAB] 	 = 30.0 x 10' mol dm-;  
{16-s-16] 	= 30.0 x 10'5 mol dm-' (s = 4, 5, 6) 
Temperature 	- 70 °C 
pH 	 -5.0 
10" [Gly-Tyr] 10' k°hs 10 	k,1, 
(mol dm-') (s') (s" ' ) 
Aqueous CTAB 16-6-16 16-5-16 16-4-16 
2.0 5.6 11.9 10.9 12.0 14.4 
2.5 6.1 12.2 11.1 12.2 14.8 
3.0 5.6 12.1 11.1 12.3 14.9 
3.5 6.6 12.4 11.4 12.5 15.1 
4.0 6.2 12.5 11.6 12.6 15.3 
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Table 3.4: Effect of [Gly-Phe] on pseudo-first-order rate constants (k0hs/k41) for the 
reaction of Gly-Phe with ninhydrin. 
Reaction conditions: 
[ninhydrin] 	= 6.0 x 10-3 mol dm-3 
[CTAB] 	 = 30.0 x 10-3 mol dm-3 
{16-s-16] 	 = 30.0 x 10-s mol dm-3 (s = 4, 5, 6) 
Temperature 	= 70 °C 
pH 	 = 5.0 
10" [G Iv -Phe] 10 ' k()ti,;  10 	k,,, 
(mol dm-3) (s-1)  (s-1)  
Aqueous CTAB 16-6-16 16-5-16 16-4-16 
3.0 7.2 19.5 13.4 15.4 16.1 
3.5 7.6 19.2 13.4 15.5 16.4 
4.0 7.2 19.3 13.4 15.3 16.0 
4.5 7.5 19.1 13.3 15.0 16.1 
5.0 7.7 19.1 13.7 15.1 16.2 
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Table 3.5: Effect of [ninhydrin] on pseudo-first-order rate constants (k,,hs /ku,) for 
the reaction of Gly-Tyr with ninhydrin. 
Reaction conditions: 
[Gly-Tyr] 	 = 3.0 x 10-' mol dm-3 
[CTAB] 	 = 30.0 x 10-' mol dm'' 
[ 16-s-16] 	 = 30.0 x 10-c' mol dm"' (s = 4, 5, 6) 
Temperature 	= 70 °C 
pH 	 =5.0 
10' [ninhvdrin] 	10 kob, 




CTAB 	16-6-16 	16-5-16 	16-4-16 
6 5.6(5.7) 12.1 11.1 12.3 14.9 
10 8.2(9.1) 21.8 18.6 20.1 21.9 
15 13.9(13.0) 25.4 22.5 26.4 28.9 
20 15.8(16.7) 29.3 25.0 32.2 35.1 
25 18.2(20.0) 30.5 27.5 33.8 40.3 
30 20.2(23.1) 32.3 29.0 36.9 41.7 
35 22.2(25.9) 37.9 30.9 39.2 43.4 
40 24.4(28.6) 40.6 31.6 40.7 46.2 
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Table 3.6: Effect of [ninhydrin] on pseudo-first-order rate constants (k°hS/kw) for 







= 4.0 x 10~' mol dm-3 
= 30.0 x 10-3 mol dm-3 





10 k0h, 	10' k, 
(mol dm-') 
	
(s 1 ) (sd) 
Aqueous 	CTAB 
	
16-6-16 	16-5-16 	16-4-16 
6 7.2(9.8) 19.3 13.4 15.3 16.0 
10 15.9(14.7) 34.5 23.4 30.9 35.0 
15 25.9(19.6) 50.6 29.8 36.3 40.1 
20 29 2(23.6) 51.8 33.0 36.6 43.4 
25 32.1(26.8) 53.2 33.5 37.0 45.4 
30 33.1(29.4) 54.5 34.0 37.5 46.0 
35 35.6(31.7) 56.5 36.1 39.5 47.4 
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Figure 3.3: Effect of [ninhydrin] on the reaction rate of Gly-Tyr with ninhydrin in 
absence and presence of surfactants: (a) in absence of surfactant; (b) in presence of 
16-6-16; (c) in presence of CTAB; (d) in presence of 16-5-16; (e) in presence of 
16-4-16. Reaction conditions: [Giy-Tyr] = 3.0 x 10-4 mol dm"3, [16-s-16] = 30 x 
10-  mol dm"' (s = 4, 5, 6). [CTAB] = 30 x 10 3 mol dm 3, temp. = 70 °C, pH = 5.0. 
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10' [Ninhydrin] (mol dm-3) 
Figure 3.4: Effect of [ninhydrin] on the reaction rate of Gly-Phe with ninhydrin in 
absence and presence of surfactants: (a) in absence of surfactant; (b) in presence of 
16-6-16: (c) in presence of 16-5-16; (d) in presence of 16-4-16; (e) in presence of 
CTAB. Reaction conditions: [Gly-Phe] = 4.0 x 10-4 mol dm-3, [16-s-16] = 30 x 10"5  
mol dm'3 (s = 4, 5, 6), [CTAB] = 30 x 10"3 mol din"3, temp. = 70 °C, pH = 5.0. 
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Effect of Temperature on the Reaction Rate 
The rate constant values obtained both in absence and presence of 
CTAB/gemini micelles at different temperatures (60-80 °C) with fixed reactant 
concentrations are recorded in Fables 3.7 and 3.8. 
The data obtained were found to obey the Arrhenius and Eyring Eqs. (3.1) and 
(3.2), 
kw= A  exp(-E./RT) 
	
(3.1) 
kw = (kDTlh) exp(AS'1R) exp(-AH#/RT) 	 (3.2) 
vhere kg, h, AS", R, AH", Fa, and A are, respectively, Boltzmann constant, 
'lanek's constant, activation entropy, gas constant, activation enthalpy, activation 
nergy, and frequency factor. 
affect of CTAB/Gemini Surfactants Concentration on the Reaction Rate 
To investigate the effect of surfactants on the reaction rate, the kinetic 
cperiments were performed in the presence of varying amounts of surfactants, 
-eping other parameters constant, An enhanced reaction rate was observed in the 
tesence of the cationic CTAB micelles. Common to bimolecular reactions 
ttalyzed by micelles, the plot of kW vs. [CTAB] shows a rate maximum at 
:TAB] = 70 x 10-3 mol dm'3. A further increase in [CTAB] (> 70 x 10 3 mol 
n'3) results in a decrease in the reaction rate. 
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With the geminis. It has been found that the rate constant increases first 
(part 1. [geminis] below their CMC). and then becomes almost constant up to 
definite concentration (part II) (the characteristics of part I and part II are as 
conventional surfactant micelles) [4]. In the last, the kw values increase sharply 
(part III). This is true for all the geminis. only the extent of increase in rate 
constant value is different (being dependent upon the spacer chain length). 
The results are summarized in Tables 3.9-3.12 and are shown graphically in 
Figures 3.5-3.8. 
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Table 3.7: Effect of temperature on pseudo-first-order rate constants (kobs/k) for 
the reaction of Gly-Tyr with ninhydrin. 
Reaction conditions: 
[ninhydrin] 	= 6.0 x 10"' mol dm"' 
[Gly-Tyr] 	= 3.0 x 10"*' mol dm' 
[CTAB] 	 = 30.0 x 10 mol dm"3  
[ 16-s-16] 	= 30.0 x 10"5 mol dm-' (s = 4, 5, 6) 
pH 	 = 5.0 
Temperature 	10 kons 	10'k 
(°C) 	 (S-1) 
	
(s"') 
Aqueous CTAB 16-6-16 16-5-16 16-4-16 
60 1.9 5.2 3.7 3.8 5.7 
65 2.3 7.8 8.4 8.5 9.0 
70 5.6 12.1 11.1 12.3 14.9 
75 14.9 15.5 20.5 22.7 26.0 
80 20.1 21.6 29.0 32.7 37.5 
Table 3.8: Effect of temperature on pseudo-first-order rate constants (k0bs/k,,) for 
the reaction of Gly-Phe with ninhydrin. 
Reaction conditions: 
[ninhydrin] 	= 6.0 x 10-' mot dm-' 
[Gly-Phe} 	= 4.0 x 10-4 mot dm-' 
[CTAB] 	 = 30.0 x 10-3 mol dni 3  
[ 16-s-16] 	 = 30.0 x 10-5 mot dm-3 (s = 4, 5, 6) 
pH 	 = 5.0 
Temperature 105 k0b 1 Os k ;, 
(°C)  (s-i) (s d ) 
Aqueous CTAB 16-6-16 16-5-16 16-4-16 
60 1.6 5.4 2.5 3.0 3.3 
65 3.4 8.4 6.8 7.0 8.0 
70 7.2 19.3 13.4 15.3 16.0 
75 13.3 29.4 22.7 23.6 24.6 
80 22.5 41.3 37.1 38.2 40.0 
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Table 3.9: Effect of [CTAB] on pseudo-first-order rate constants (k,,) for the 
reaction of Gly-Tyr with ninhydrin. 
Reuctiou conditions: 
[Gly-Tyr] 	= 3.0 x 10- ' mol dm 
[ninhydrin l 	= 6.0 x 10-3 mol dm-3  
Temperature 	= 70 °C 
pH 	 = 5.0 
10' [CTAB ] 
(mol din-_') 
10- k9 
(S-i )  (S-i) 
105 kwc,,,  
k v 
0.0 5.6 - - 
5.0 7.6 7.4 +0.03 
10.0 8.6 10.3 -0.12 
15.0 9.8 12.1 -0.23 
20.0 10.8 10.5 +0.03 
25.0 11.6 9.9 +0.15 
30.0 12.5 10.6 -+-0.15 
35.0 13.3 11.1 +0.15 
40.0 14.2 12.6 +0.17 
45.0 15.0 14.2 +0.05 
50.0 15.7 15.6 +0.01 
55.0 16.5 15.0 +0.09 
60.0 17.3 17.8 -0.03 
65.0 17.4 16.6 +0.05 
70.0 17.5 17.3 +0.01 
80.0 11.9 12.0 -0.01 
90.0 11.0 10.8 +0.02 
100.0 10.6 10.1 +0.05 
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Table 3.10: Effect of [CTAB] on pseudo-first-order rate constants (k,,,) for the 
reaction of GIy-Phe with ninhydrin. 
Reaction conditions: 
[Gly-Phe] 	= 4.0 x 10-'t mol din 
[ninhydrin] 	= 6.0 x 10-' mol dm.' 
Temperature 	= 70 °C 
pH 	 =5.0 
10 [CTABl 	105 ky, 	 105 k '4'ca4 	 k y, - k 'Veal 
(mol din"') 	(s ) (s ~) 	 k 
0.0 7.2 - - 
5.0 11.0 11.5 -0.05 
10.0 13.1 14.4 -0.10 
15.0 15.0 14.9 +0.01 
20.0 16.4 15.7 +0.04 
25.0 18.0 17.6 -0.02 
30.0 19.3 18.9 +0.02 
35.0 21.1 20.5 --0.03 
40.0 23.5 23.6 0.00 
45.0 25.0 24.3 f0.03 
50.0 27.0 27.3 -0.01 
55.0 29.0 28.9 0.00 
60.0 31.4 30.9 +0.02 
65.0 32.0 32.5 -0.02 
70.0 33.1 32.1 +0.03 
75.0 32.9 31.8 +0.03 
80.0 32.7 33.3 -0.02 
85.0 32.4 32.4 0.00 
90.0 32.0 33.0 -0.03 
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Table 3.11: Effect of [geminis] on pseudo-first-order rate constants (k,,,) for the reaction of Gly-Tyr with ninhydrin. 
Reaction conditions': 
[Gly-Tyr] = 3.0 x 10-`' mol dm-3  
[ninhydrin] = 6.0 x 10-' mol dm"3  
Temperature - 70 °C 
pH = 5.0 
10' [ 16-s-16] 	16-6-16 	 16-5-16 	 16-4-16 
(mol dm") 
10 k, 	105 kcal 	k,1, - k'PPcal 	105 k,,, 	10' k,,,cai 	k,1, - k 	10 k,1 	1OS k ca 	k,v  - k (s-1) 	(s-l ) 	k4, 	(s-i ) 	(s-i ) 	k 	(s-i ) (s-i ) k 
0.0 5.6 	- 	- 5.6 	- 	- 5.6 	- 	- 
5.0 6.7 	- 	- 8.0 	- 	- 8.2 	- 	- 
10.0 8.8 	- 	- 10.5 	- 	- 10.7 	- 	- 
20.0 9.7 	6.9 	+0.29 10.9 	9.1 	+0.17 12.8 	11.1 	+0.13 
30.0 11.1 	10.0 	+0.10 12.3 	13.6 	-0.11 14.9 	14.2 	+0.05 
40.0 11.2 	12.3 	-0.10 12.6 	13.3 	-0.06 15.0 	16.3 	-0.09 
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50.0 12.7 11.2 -+-0.12 12.7 14.3 -0.13 15.1 15.7 -0.04 
60.0 12.8 11.3 +0.12 12.9 15.1 -0.17 15.3 15.9 -0.04 
80.0 12.9 12.5 +0.03 13.4 15.8 -0.18 15.6 17.1 -0.10 
100.0 13.0 13.6 -0.05 13.6 16.2 -0.19 15.7 16.4 -0.04 
250.0 13.5 15.1 -0.12 14.5 16.9 -0.17 16.0 17.2 -0.08 
400.0 14.0 15.4 -0.10 14.7 16.5 -0.12 16.5 16.7 -0.01 
600.0 14.7 15.9 -0.08 15.2 17.2 -0.13 16.9 16.8 +0.01 
1000.O 15.5 - - 16.7 - - 18.4 - - 
1500.0 16.2 - - 17.3 - - 19.8 - - 
2000.0 16.9 - - 18.2 - - 20.6 - - 
2500.0 17.8 - - 18.6 - - 21.3 - - 
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k 	- k,{,  10 kw 105 k,,,cal 
(s-1) (s-1) 
• 7.2 - 
10.0 - 
11.0 - 
-0.06 12.8 13.7 
-0.02 15.3 16.1 
-0.03 17.2 17.7 
16-4-16 
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• 7.2 - 
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-0.07 13.8 14.4 
-0.05 16.0 15.8 










= 4.0 x 10-'' mol dm-' 




50.0 14.3 14.5 -0.01 17.5 18.2 -0.04 18.6 19.2 -0.03 
60.0 14.4 14.9 -0.03 17.7 17.6 +0.01 18.7 19.4 -0.03 
80.0 14.5 14.3 +0.01 17.9 18.3 -0.02 18.9 18.2 +0.04 
100.0 14.6 15.2 -0.04 18.1 17.9 +0.01 19.1 18.6 +0.03 
250.0 14.8 15.3 -0.03 18.3 18.6 -0.02 19.2 18.6 +0.03 
400.0 15.0 15.6 -0.04 18.4 18.8 -0.02 19.3 19.5 -0.01 
600.0 15.8 15.1 +0.04 18.7 19.3 -0.03 20.1 20.5 -0.02 
1000.0 17.1 - - 19.8 - - 21.2 - - 
1500.0 20.0 - - 22.7 - - 24.4 - - 
2000.0 23.2 - - 27.3 - - 28.7 - - 
2500.0 26.5 - - 31.0 - - 33.5 - - 
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Figure 3.5: Effect of [CTAB] on the reaction rate of Gly-Tyr with ninhydrin. 
Reaction conditions: [ninhvdrin] = 6.0 x 10-' mol dm-. [Glv-Tyr) = 3.0 x 10-4 mol 
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Figure 3.6: Effect of [CTAB] on the reaction rate of Gly-Phe with ninhydrin. 
Reaction conditions: {ninhydrin] = 6.0 x 10"3 mol dm"3, [Gly-Phe] = 4.0 x 10"4 mol 
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Figure 3.7: Effect of [geminis] on the reaction rate of Gly-Tyr with ninhydrin: (a) 
16-6-16; (b) 16-5-16; (c) 16-4-16. Reaction conditions: [ninhydrin] = 6.0 x 10"3 
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Figure 3.8: Effect of [geminisi on the reaction rate of Gly-Phe with ninhydrin: (a) 
16-6-16; (b) 16-5-16: (c) 16-4-16. Reaction conditions: [ninhydrin] = 6.0 x 10-3  





Reaction in Absence of CTAB/Gemini Surfactants 
As per the well known general mechanism of the reaction [5]. the 
condensation between carbonyl group of ninhydrin and amino group of peptide 
takes place. The amount of the reaction products depends upon temperature, pl-I 
and reactant concentrations. I he reaction starts through the attack of lone-pair of 
electrons of amino nitrogen (of peptide) to the carbonyl carbon (of ninhydrin) to 
give Schiff base. This Schiff base is unstable and hydrolyses to give 2-amino-
indanedione, which reacts slowly with another ninhydrin molecule to yield the 
product (diketohydrindylidenediketohydritdamitc (DYDA)) (Scheme 3.1). 
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R () 
O =0 + IN Cll --C—NH—CFI --COOH 
(N) 	0 	( Pep) 
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N H -CHZ COOH 
fast - 	 N H2 + Co2 + 
+H,U 
OH 0 
(Schiff base) 	 (2-amino-indanedione) 
R O 












PhOH 	 Ph 
R =— CHI (Gly-Tyr); R = —CH2 (Gly-Phe) 
Pep = peptide 
Scheme 3.1: Peptide-ninhydrin reaction mechanism. 
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On the basis of observed rate law d[produet]Idt = k„b, 1peptide] and the 
proposed mechanism (Scheme 3.1), the rate equation is derived as Eq. (3.3), 
kK[N] 
bs 1  K[N] 	 (3.3) 
([N] being the total concentration of ninhydrin). 
On rearrangement, Eq. (3.3) gives Eq. (3.4), 
kI  = k + kK[N] 	 (3.4) 
As envisaged, the double reciprocal profiles of 1%k0hs vs. 1%[N] were linear. The 
values of K and k (the equilibrium and rate constants) were evaluated from 
intercept and slope in aqueous medium. The calculated values of rate constants 
(obtained by substituting k and K in Eq. (3.3)) are in close agreement with k0K 
(given in parentheses, Tables 3.5 and 3.6) which supports the proposed 
mechanism, as also confirming the validity of the rate Eq. (3.3). 
Reaction in Presence of CTAB/Gemini Surfactants 
The results of kinetic experiments were carried out at different surfactant 
concentrations with constant [ninhydrin]. [peptide], temperature (70 °C) and pH 
(5.0). The same first- and fractional-order kinetics with respect to [peptide] and 
[ninhydrin], respectively, was followed in both the aqueous and micellar media. 
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Also, the absorption band of the product remains unchanged in the presence of 
micelles (Figures 2.4-2.11). Thus, we conclude that the reaction mechanism 
remains the same in the presence of cationic micelles as that in aqueous medium. 
The behavior in the presence of micelles may be discussed in terms of 
pseudo-phase model of the micelles developed by Menger and Portnoy [6,7] and 
modified by Bunton [8] and Rodenas [9]. Accordingly, the reaction scheme for 
ninhydrin interaction with peptide in the presence of micelles may be given as 
shown in Scheme 3.2. 
(Pep),, + Dn K~=- (Yep) m 
KM 
(N),,, +D 	K— (N )m 
^1 	 ~m 
~~~------sss Product 
Scheme 3.2: Peptide-ninhydrin reaction in micellar medium. 
In Scheme 3,2, Ks is the binding constant of peptide to the cationic micelles, and 
[D„] represents the micellized surfactant (_ [Surfactant]T - CMC). The pseudo-
first-order rate constants, k and k',. stand for condensation of ninhydrin with 
peptide in non-micellar and micellarpseudo-phases, respectively. 
Scheme 3.2, in conjunction with the observed rate being unity in [peptide], leads 
to Eq. (3.5), 
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k~,. +k"IK,[Dti 	 (3.5) 
l+K [`ll„J 
which, when modified. yields Eq. (3.6). 
k[N] +(KSk„ — k„) MN [D ] 	 (3.6) 
1 +K[D1] 
where k,, = k',, /[N„] and k,,, = k',,,/M (k„. and k,,, are second-order rate constants) 
and M' , being the molarity of ninhydrin bound to the miccllar head groups, is 
given as Eq. (3.7), 
Ms __[N„,] 
” [D1 1 
(3.7) 
Values of M' were estimated in the following manner. Upon solving 
K N = [N,» ]/[N,,.] ([Do] - [N,,,]) and mass balance [NIT = [N,,.] ► IN,,,], quadratic Eq. 
(3.8) resulted, which was solved for [N,,,] with the help of a computer program 
with K N as an adjustable parameter. M' was then calculated with the help of Eq. 
(3.7), 
KN[NI„]2— (I+ Ky [DII + KN[N]-r)[N„] + KN[D~][N]i- = 0 	 (3.8) 
In order to determine k,,, and KS kinetically, we need the CMC under kinetic 
conditions, which were determined conductimetrically. For a given value of CMC, 
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km and Ks were calculated from Eq. (3.6) using non-linear least squares technique. 
Such calculations were carried out at different presumed values of KN. 
The best value of KN was considered to be one for which the value of Ed 2  
(d; = kW0h - 	turned out to be a minimum. These values are recorded in 
Tables 3.13 and 3.14. The fitting of the calculated data (Ks, km and KN) to Eq. 
(3.6) is evident from the calculated values of the rate constants, k 1 , (Tables 3.9-
3.12). 
In order to confirm the Scheme 3.2 mechanism, effects of variables on the 
rate constants were seen in the presence of constant [CTAB]/[geminis]. It was 
found that the reaction follows the same first- and fractional-order kinetics with 
respect to [peptide] and [ninhydrin]. Thus we can conclude that the reaction 
mechanism remains the same in presence of micelles as that in the aqueous 
medium with all possible intermediary situations. In the micellar medium the 
reaction of both (Pep)„ and (Pep) with (N)„ and (N),,, takes place. The rate 
constant (k.) increased with increase in [CTAB], reached a maximum value, and 
then, further increase in [CTAB], a decreasing effect was observed. The kW 
[CTAB] profiles shapes (Figures 3.5 and 3.6) are perfectly general being a 
common characteristic of bimolecular reactions catalyzed by micelles. 
A much debatable question in the micelle assisted reactions is that of the 
locale of the reaction [ 10,1 I]. Most of the ionic mediated reactions are believed to 
occur either inside the Stern layer or at the interface between micellar surface and 
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Table 3.13: Thermodynamic parameters, rate and binding constant values for the 
reaction of Gly-Tyr with ninhydrin. 
Reaction conditions: 
[Gly-Tvr] 	= 3.0 x 10-4 mol dm 
I ninhydrin] 	= 6.0 x 10-' mol dm-3  
[CTAB] 	 = 30.0 x 10-' mol dm-' 
[16-s-16] 	= 30.0 x 10'' mol dm 3 (s = 4. 5, 6) 





16-6-16 16-5-16 16-4-16 
E;, (kJ mol) 135.8 69.5 102.8 94.3 86.0 
AH# (kJ mol- ') 133.0 66.7 100.0 91.5 83.2 
-AS" (J K- ' mol- ') 297.4 307.1 297.6 299.3 300.9 
103 kn, (s"' )`' - 0.7 6.0 22.0 16.0 
105 k, (mor' dm' s- ' )a - 5.6 5.6 5.6 5.6 
Ks (mol- ' dm')" - 268.0 188.0 182.0 172.0 
KN (mol- ' dm')" - 64.0 66.8 71.8 70.0 
aAt 70 °C. 
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Table 3.14: Thermodynamic parameters. rate and binding constant values for the 
reaction of Gly-Phe with ninhydrin. 
Reaction conditions: 
[Gly-Phe] 	= 4.0 x 10"' mol dm'3 
[ninhydrin] 	= 6.0 x 10-3 mol dm'3 
[CTAB] 	 = 30.0 x 10"3 mot dm"' 
[ l 6-s-16] 	= 30.0 x 10-5 mot dm-3 (s = 4, 5, 6) 





16-6-16 16-5-16 16-4-16 
Ea (kJ mol- ) 176.1 78.9 136.9 125.4 109.7 
H# (kJ mol- ') 173.3 76.1 134.1 122.6 106.9 
-AS' (J K' mol-') 305.8 310.1 307.3 308.1 308.9 
103 k,,, (s 	)a - 5.0 6.7 8.5 6.9 
105 k„ (mol' dm3 s')' - 7.2 7.2 7.2 7.2 
Ks (mot- ' dm3)a - 284.0 226.0 210.0 190.0 
KN (mol' dm3 )" - 58.9 68.1 69.3 81.4 
`"At 70 °C. 
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bulk water solvent [ 12,13] (reports revealing the occurrence of reactions at the 
junctural region of Stern and Gouy-Chapman layers [ 14.151 and cross-micellar 
reactions are scanty [16-181). The main factor involved in the kinetic micellar 
effects on bimolecular reactions is the increased concentration of both the 
reactants, i.e., ninhvdrin and peptide into a small volume (through electrostatic and 
hydrophobic interactions). Besides this, micelles also exert a medium effect 
influencing reactivity (the effect arises from a combination of cage, preorientation, 
microviscosity, polarity, and charge effects [19]). The location of reactants in the 
micellar structure and the degree of penetration of water into micellar structure has 
a major influence on reactivity. The fact is that the micellar pseudo-phase is 
regarded as a inicroenvironment having varying degrees of polarity, water activity, 
and hydrophobicity increasing with distance from the interfacial region to its core 
[20]. It is therefore not possible to precisely locate the site of reaction but, at least, 
the localization of the reactants can be considered. Based on purely electrostatic 
considerations. ninhydrin (due to presence of electron cloud [11) will be located 
predominantly in the Stern layer and to a lesser extent in the counter ion diffuse 
laver surrounding the cationic micelles, whereas hydrophobic interactions can 
bring about the incorporation of the peptide into the micelles. "l'he micelles thus 
help in bringing the reactants together which may now orient in a manner suitable 
for the condensation. 
The decrease in k4, beyond [CTAB] = 70 x 10-3 mol dm 3 can be explained 
as follows. At [CTAB I > 70 x 10" mol dm , practically all the substrate has been 
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incorporated into the inicellar phase. When bulk of the substrate is incorporated 
into the micelles, addition of more CTAB generates more cationic micelles, which 
simply take up the ninhydrin molecules into the Stem layer, and thereby deactivate 
them; because a ninhydrin molecule in one micelle should not react with the other 
in another [21 ]. Another reason of decrease in kW could be a result of counter ion 
inhibition. 
At present it would suffice to say only that the reactions, in all probability, 
occur in the Stem layer's water rich-region close to the surface of the micelle 
(Cordes, in his excellent review, has concluded that the activity of water at the 
surface of ionic micelles is not different from water activity in the aqueous 
pseudo-phase [13J. According to Menger [10], micelle is a porous cluster with 
rough surface in which water molecules penetrate into the micelle to till the voids: 
thus there is a continuous decrease of water activity of the medium from the shear 
surface to the centre of the micelle). 
However, with the gemini surfactants, k W first increases with surfactant 
concentration (part 1), remains constant upto certain concentration (part 11—parts I 
and It behavior are akin to conventional surfactant micelles [4]), and then again 
increases (part 1II) (Figures 3.7 and 3.8). 
Considering part t, the rate constant value should remain constant because 
[geminis] are below their CMC but increase in the observed rate constant values 
may be due to presence of premicelles or preponcment of micellization by 
reactants [22] (it is also confirmed by CMC decreases at reaction conditions). In 
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incorporated into the micellar phase. When bulk of the substrate is incorporated 
into the micelles, addition of more CTAB generates more cationic micelles, which 
simply take up the ninhydrin molecules into the Stem layer, and thereby deactivate 
them; because a ninhydrin molecule in one micelle should not react with the other 
in another [21]. Another reason of decrease in kw could be a result of counter ion 
inhibition. 
At present it would suffice to say only that the reactions, in all probability, 
occur in the Stern layer's water rich-region close to the surface of the micelle 
(Cordes. in his excellent review, has concluded that the activity of water at the 
surface of ionic micelles is not different from water activity in the aqueous 
pseudo-phase [13]. According to Meager [10], micelle is a porous cluster with 
rough surface in which water molecules penetrate into the micelle to fill the voids: 
thus there is a continuous decrease of water activity of the medium from the shear 
surface to the centre of the micelle). 
However, with the gemini surfactants, k first increases with surfactant 
concentration (part 1), remains constant upto certain concentration (part Il—parts I 
and II behavior are akin to conventional surfactant micelles [4]), and then again 
increases (part III) (Figures 3.7 and 3.8). 
Considering part I, the rate constant value should remain constant because 
[geminis] are below their CMC but increase in the observed rate constant values 
may be due to presence of premicelles or preponement of micellization by 
reactants [22] (it is also confirmed by CMC decreases at reaction conditions). In 
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range 11. the values of rate constant remain almost constant up to 400 x 10 5 mot 
dm' of gemini surlactants. The gemini micelles show much better catalyzing 
effect than their single chain analogues [4]. This can be because of the presence of 
spacer in geminis, which decreases the amount of water in aggregates providing 
different microenvironment (less polar), thus causing rate increase [23]. Due to 
proximity of positive charges in gemini surfactants, anion binding at the surfaces 
is increased at the expense of binding of H2O molecules [24]. The values of k,~ for 
all the three geminis at all concentrations follow the order 16-4-16 >16-5-16 >16- 
6-16 and have the same characteristics (Figures 3.7 and 3.8). Earlier also, the best 
results were achieved by 16-4-16 gemini among the series 16-s-16 [25]. It is well 
known that, to minimize its contact with water, a spacer longer than the 
`equilibrium' distance between two—NMct head groups (the `equilibrium' distance 
occurs at s = 4 in 16-s-16 geminis) tends to loop towards the micellar interior [26]. 
Increased looping will result in a relatively wet Stern layer that will cause decrease 
in the value of kW. Thus, the findings are in agreement with the earlier results that, 
on increasing the amount of water, the reaction environment produces an 
inhibiting effect [27-30]. 
In case of part Ill, with the increasing [geminis] (400-3000 x 10'5 mot dm's) 
the values of kW increase slowly. At higher [geminis], fast increment in rate of 
reaction occurs; this is probably associated with change of miccllar structure. This 
is in conformity with the 'H NMR studies of the surfactants [23,31]. Thus, at 
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higher [geminis], increase in k,—value happens due to changes in the aggregate 
morphology that provides different reaction environments (less polar). 
Effect of Spacer Chain Length (s-value) 
Under the identical experimental conditions it is found that the value of rate 
constant kW is more at s = 4 in comparison to s — 5 and s = 6 (Figures 3.9 and 
3.10). It is described in the literature that the spacer length and kind of moiety 
dictates the conformation of the gemini molecule [32]. The value of rate constant 
follows the order 16-4-16 >16-5-16 >16-6-16 among the geminis. "I he formation 
of micelles in the case of 16-4-16 is more than 16-5-16 and 16-6-16. This happens 
due to shorter spacer length, which is most likely because of increasing 
geometrical constraints in the formation of aggregates with the decreasing length 
of the spacer unit [33,34]. The above argument is also justified with 
microviscosity and SANS data within geminis. On increasing the spacer chain 
length (s-value), micellar morphology tends to be less ellipsoidal [25]. Thus, the 
surfactant morphology is strongly affected by the spacer chain length. In the 
present study the values of k, obtained are consistent with the expectation being 
maximum at s = 4, beyond which looping of spacer (to minimize its contact with 
water) [25,26] will progressively make the Stem layer more wet with the resultant 
ky decrease. 
The effect of temperature on the CTAI]/geminis-catalyzed reactions of 
peptides with ninhydrin in presence of constant concentration of CTAB/gerninis. 
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The values of activation parameters such as activation energy (E,), enthalpy of 
activation (Al-r) and entropy of activation (AS#) are given in Tables 3.13 and 3.14. 
CTAB lowers the values of activation parameters (AH*' and ASK) more than 
aqueous. 
The activation energies obtained in the case of the gemini surfactants are 
according to their efficacy of catalyzing the reaction, i.e., 16-4-16 >16-5-16 >16-
6-16.  Gemini surfactants lower the values of activation parameters (OH# and AS#) 
more than aqueous. This decrement in the parameters occurs not only through the 
stabilization of transition state but also through adsorption of substrates on the 
micellar surface. The decrease in AS shows that the transition state is well 
structured in the case of 16-4-16 as compared to 16-5-16 and 16-6-16. A 
meaningful mechanistic explanation of apparent values of activation parameters 
(OH" and ASS') is not possible because the values of the rate constant k do not 
represent a single elementary kinetic step; it is a complex function of true rate, 
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Figure 3.9: Effect of spacer chain length (s-value) on the reaction rate of Gly-Tyr 
with ninhydrin: (a) 16-6-16; (b) 16-5-16; (c) 16-4-16. Reaction conditions: 
[ninhydrin] = 6.0 x 10-' mol din-', [Gly-Tyr] = 3.0 x 10-4 mol dm-3, [ 16-s-16] = 30 
x 10-5 mol dm-' (s = 4, 5, 6), temp. = 70 °C, pH = 5.0. 
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Figure 3.10: Effect of spacer chain length (s-value) on the reaction rate of Gly-
Phe with ninhydrin: (a) 16-6-16; (b) 16-5-16; (c) 16-4-16. Reaction conditions: 
[ninhydrin] = 6.0 x 10"' mol dm-', [Gly-Phe] = 4.0 x 10-4 mol dm"', [16-s-16] = 30 
x 10"' mol dm"' (s = 4. 5, 6), temp. = 70 °C, pH = 5.0. 
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Reactions in Aqueous and 
CTAB/Gemini Surfactant Systems 
The science of fingerprints is largely indebted to the use of ninhydrin. 
Ninhydrin has established itself as an analytical too] in the fields of chemistry, 
biochemistry, and forensic science [1,2]. 
The color-forming ninhydrin-amino acids/peptides reaction have 
characteristics of common addition-elimination type reactions. As the color of 
purple dye faints at room temperature, many attempts were carried out to stabilize 
it. Metal ion complex formations are the prominent interactions in nature. The 
effects of metal ions on this reaction were also carried out with the point of view 
of promoting the nucleophilic attack. The condensed product acts as a potential 
tridentate metal binding ONO donor ligand producing stable five membered metal 
chelate. As a modification, therefore, interaction of ninhydrin with metal-amino 
acid complexes was also tried, and the color yield was indeed affected [3-5]. 
Our group has made notable contribution toward the enhancement of 
Ruhemann's purple yield (hence increased sensitivity) of ninhydrin-amino acid 
reaction involving surfactant micelles and solvents too [6-91. 
Many more applications are bound to come, like those related to catalysis 
by surfactant micelles and/or by surfactant-modified adsorbents. Various kinetic 
studies have been undertaken in micellar media to elucidate the actual micellar 
rate effect caused by a composite of noncovalent interactions between the micelles 
on one hand and the reaction and activated complex on the other. 
Therefore, in search of enhanced utility, we have studied Ni(II)-, Cr(III)-, 
and Zn(ll)-peptide complexes-ninhydrin reaction in a micelle mediated aqueous 
14l 
medium under varying experimental conditions. For this purpose we used catio 
surfactant CTAB and geminis, the results are described in this Chapter t 
provide evidence of the catalytic effect of cationic micelles of CTAB and gemin 
Results 
The UV-visible spectra of the reaction mixtures containing ninhydrin and 
[Met-Pep]' complexes, recorded using S1-IIMADZU-model UV mini 1240 
spectrophotometer, are shown in Figures 2.5-2.7 and 2.9-2.11. It is evident that the 
absorbance is higher in presence of surfactants which may be due to strong 
association of the product with micelles. Further, with no change in the absorption 
maxima (X 	400 nm), it is concluded that the same product is formed in both 
systems (i.e., aqueous and CTAB/gemini micellar media). 
Effect of pH on the Reaction Rate 
The preliminary studies of metal-peptide complexes and ninhydrin 
interaction were made in the pl-I range 4.0 to 6.0 in aqueous and in micellar media 
keeping other variables constant. It was found that the value of rate constant 
increased sharply in pH up to 5.0 and thereafter became almost constant in both 
the media (Figures 4.1-4.6). Consequently, all the subsequent kinetic 
measurements were made at p1I 5.0 (Tables 4.1-4.6). 
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Table 4.1: Effect of pH on pseudo-first-order rate constants (ka,bs/k) for the 







= 3.0 x 10-4 mol dm-3 
= 6.0 x 10-' mol dm-3 
= 30.0 x 10-' mol dm-' 
= 30.0 x 10-5 mol dm-3 (s = 4, 5, 6) 
=80°C 
p11 10 	kOh, 10' k~, 
(s') (S-l) 
Aqueous CTAB 16-6-16 16-5-16 16-4-16 
4.0 0.4 9.3 15.2 15.4 16.0 
4.5 2.6 18.5 20.2 20.8 21.7 
5.0 15.4 47.9 42.6 43.3 44.5 
5.5 17.6 61.0 71.0 71.9 72.3 
6.0 18.8 63.0 73.0 74.0 75.0 
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Table 4.2: Effect of pH on pseudo-first-order rate constants (k°bs/k) for the 
reaction of [Cr(III)-Gly-Tyr]'+ with ninhvdrin. 
Reaction conditions: 
[Cr(III)-G1y-Tyr]2, 	3.0 x 10.1 mol dm'' 
[ninhydrin] 	= 6.0 x 10-3 mot dm 3 
[CTABI 	 = 30.0 x 10-3 mot dm-3 
[ 16-s-16] 	 = 30.0 x 10-5 mol dm-3 (s = 4, 5, 6) 
Temperature 	= 80 °C 
pH 	10- k°b, 	105 k,y 
(s') (s') 
Aqueous 	CTAB 	16-6-16 	16-5-16 	16-4-16 
4.0 2.1 10.0 8.0 9.1 10.0 
4.5 3.0 20.0 16.1 18.5 20.5 
5.0 9.8 38.2 39.6 40.7 42.1 
5.5 14.2 41.1 42.6 45.0 47.2 
6.0 15.0 42.5 44.4 47.3 50.0 
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Table 4.3: Effect of pH on pseudo-first-order rate constants (k°h,/k,,,) for the 







=3.0x10-4 mot dm"3 
= 6.0 x 10"' mol dm"3 
= 30.0 x 10"'mol dm"3 
= 30.0 x 10"s mol dm"3 (s = 4, 5, 6) 
=80°C 
pH 10' k h, 105 k4, 
(S-') 
(s-1) 
Aqueous CTAB 16-6-16 16-5-16 16-4-16 
4.0 2.0 8.5 6.5 7.3 8.7 
4.5 3.1 22.4 17.5 19.1 20.6 
5.0 8.8 36.7 37.5 39.8 41.1 
5.5 12.5 38.3 40.1 41.8 43.5 
6.0 14.2 39.2 41.7 42.5 44.3 
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Table 4.4: Effect of pH on pseudo-first-order rate constants (kohs/k,,) for the 
reaction of [Ni(II)-Gly-Phe]` with ninhydrin. 
Reaction conditions: 
[Ni(II)-Gly-Phc]' 	= 4.0 x 10-4 mol dm-3  
[ninhvdrin] 	= 6.0 x 10-' mol dm-' 
[CTAB] 	 = 30.0 x 10-3 mot dm-3  
[ 16-s-16] 	= 30.0 x 10-s mot dm' (s = 4, 5, 6) 
Temperature 	= 70 °C 
pH 	10 k0h, 	10' k4, (s-') 
(si) 
Aqueous 	CTAB 	16-6-16 	16-5-16 	16-4-16 
4.0 1.8 7.0 5.0 6.1 7.2 
4.5 2.5 9.7 7.5 8.5 9.7 
5.0 6.1 18.4 12.6 14.3 15.0 
5.5 8.0 19.8 14.0 15.8 16.7 
6.0 8.7 20.5 14.7 16.4 17.4 
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Table 4.5: Effect of pH on pseudo-first-order rate constants (k°hs/ky,) for the 
reaction of [Cr(III)-Gly-Phe]2- with ninhvdrin. 
Reaction conditions: 
[Cr(III)-G1y-Phe]2' = 4.0 x 10-  mol dm-' 
[ninhvdrin] 	= 6.0 x 10-' mol dm' 
[CTABJ 	 = 30.0 x 10-3 mol dm-3  
[ 16-s-16] 	 = 30.0 x 10-5 mol dm-3 (s = 4, 5. 6) 
Temperature 	= 70 °C 




(s- i ) 
CTAB 16-6-16 16-5-16 16-4-16 
4.0 1.2 6.5 4.2 5.2 6.2 
4.5 2.0 9.1 7.1 8.0 8.9 
5.0 5.2 16.6 11.7 12.5 13.5 
5.5 7.0 18.0 13.2 14 15.1 
6.0 7.5 18.8 13.9 14.8 16.0 
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Table 4.6: Effect of pl-I on pseudo-first-order rate constants (k(,hs/k,,,) for the 







= 4.0 x 10-*' mol dm"3 
= 6.0 x 10' mol dm'~ 
= 30.0 x 10-' mol dm-3 
= 30.0 x i0 moldm"3 (s=4,5,6) 
=70°C 
pH 10 	k°t,s 105 k,, 
(SdI ) (s-I ) 
Aqueous CTAB 16-6-16 16-5-16 16-4-16 
4.0 1.0 6.0 3.0 3.8 5.1 
4.5 1.5 8.1 6.1 6.9 7.7 
5.0 4,4 15.7 11.0 11.5 12.0 
5.5 6.0 16.7 11.9 12.7 13.7 
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Figures 4.1: Effect of pH on the reaction rate of [Ni(II)-Gly-Tyr]` with ninhydrin 
in absence and presence of surfactants: (a) in absence of surfactant; (b) in presence 
of CTAB; (c) in presence of 16-6-16; (d) in presence of 16-5-16; (e) in presence of 
16-4-16. Reaction conditions: [ninhydrin] = 6.0 x 10"' mol dm"', [Ni(II)-Gly-Tyr]+ 
3.0 x 10"' mol dm"3, [ 16-s-16] = 30 x 10"' mol dm"' (s = 4, 5, 6), [CTAB] = 30 x 
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Figures 4.2: Effect of pII on the reaction rate of [Cr(III)-Gly-Tyr]' +` with 
ninhydrin in absence and presence of surfactants: (a) in absence of surfactant; (b) 
in presence of CTAR; (c) in presence of 16-6-16; (d) in presence of 16-5-16; (e) in 
presence of 16-4-16. Reaction conditions: [ninhydrin] = 6.0 x 10-' mol dm'3, 
[Cr(III)-Gly-Tyr]- = 3.0 x 10-4 mol dm, [ 16-s-16] = 30 x 10"5 mol dm"3 (s = 4, 5, 
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Figures 4.3: Effect of pH on the reaction rate of [Zn(II)-Gly-Tyr]+ with ninhydrin 
in absence and presence of surfactants: (a) in absence of surfactant; (b) in presence 
of CTAB; (c) in presence of 16-6-16; (d) in presence of 16-5-16; (e) in presence of 
16-4-16. Reaction conditions: [ninhydrin] = 6.0 x 10'' inol dm'', [Zn(II)-G1y-Tyr]+ 
= 3.0 x 10'4 mol dm'3. [ 16-s-16] = 30 x 10-5 mol dm'3 (s = 4, 5. 6), [CTAB] = 30 x 
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Figures 4.4: Effect of pH on the reaction rate of [Ni(II)-Gly-Phe]+ with ninhydrin 
in absence and presence of surfactants: (a) in absence of surfactant; (b) in presence 
of 16-6-16; (c) in presence of 16-5-16; (d) in presence of 16-4-16; (e) in presence 
of CTAB. Reaction conditions: [ninhvdrin] = 6.0 x 10'' mol dm'3, 
[Ni(II)-Gly-Phe]+ = 4.0 x 10-' mol dm"', [16-s-161 = 30 x 10 ` mol dm'' (s = 4, 5, 
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Figures 4.5: Effect of pH on the reaction rate of [Cr(III)-Gly-Phe]21 with 
ninhydrin in absence and presence of surfactants: (a) in absence of surfactant; (b) 
in presence of 16-6-16; (c) in presence of 16-5-16; (d) in presence of 16-4-16; (e) 
in presence of CTAB. Reaction conditions: [ninhydrin] = 6.0 x 10-3 mol dm-3, 
[Cr(III)-Gly-Phe]'+ = 4.0 x i0 a mol dm-', [ 16-s-16] = 30 x 10-- mol dm'' (s = 4, 5, 
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Figures 4.6: Effect of pH on the reaction rate of [Zn(II)-Gly-Phe]` with ninhydrin 
in absence and presence of surfactants: (a) in absence of surfactant; (b) in presence 
of 16-6-16; (c) in presence of 16-5-16; (d) in presence of 16-4-16; (e) in presence 
of CTAB. Reaction conditions: [ninhydrin] = 6.0 x 10-; mol dm-3, 
[Zn(II)-Gly-Phe]+ = 4.0 x 10"a mol dm-', [ 16-s-16] = 30 x 10'5 mol dm-' (s = 4, 5, 
6), [CTAB] = 30 x 10"3 mol dm"', temp. = 70 °C. 
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Effect of Metal-Peptide Complex Concentration on the Reaction Rate 
To see the effect of metal-peptide complex concentration on the reaction 
rate, the kinetic runs were carried out with different concentrations of metal-
peptide complex at fixed concentration of ninhydrin, temperature, and pH in the 
absence and presence of CTAB/gemini micelles. 
It was found that the order of the reaction with respect to concentration of 
metal-peptide complex is unity in the two systems (i.e., aqueous and micellar 
media) (Tables 4.7-4.12). Therefore, the rate law is given as Eq. (4.1): 
rate = d[productl/dt = (koby or k1 ) [Met-Pep]" 	 (4.1) 
where [Met-Pep]" is the total concentration of metal-peptide complex. 
Effect of Ninhydrin Concentration on the Reaction Rate 
The plots of rate constants vs. [ninhydrin] of experiments carried out with 
different [ninhydrin] (range: 6 to 40 x 10' mol din-') at constant values of metal-
peptide complex concentration, temperature and pH in aqueous and in micellar 
media ([CTAB] = 30 x 10'' mol dm-3 and [geminis] = 30 x 10 5 mol dm 3). The 
rate constant values are summarized in Tables 4.13-4.18. 
We see that the plots of rate constants vs. [ninhydrin] (Figures 4.7-4.12) are 
non-linear passing through the origin. This confirms that the order of reaction with 
respect to [ninhydrin] is fractional in both the media. 
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Table 4.7: Effect of [Ni(II)-Gly-Tyr]' on pseudo-first-order rate constants 
(k0bs/k4,) for the reaction of [Ni(II)-Gly-Tyr]+ with ninhydrin. 
Reaction conditions: 
[ninhydrin] 	= 6.0 x 10 mol dni' 
[CTAB] 	 = 30.0 x 10' mol din 3  
[16-s-16} 	= 30.0 x 10-5 mol dm'' (s = 4, 5. 6) 
Temperature 	- 80 °C 
pH 	 =5.0 
10" [Ni(I1)-Gly-Tyr]T 	l 0 k,,h, 	10' k,i, 
(mol dm) 	(sd ) (s') 
Aqueous CTAB 16-6-16 16-5-16 16-4-16 
2.0 10.6 43.3 42.7 43.2 44.2 
2.5 10.9 43.0 42.6 43.3 44.3 
3.0 10.6 42.9 42.6 43.3 44.5 
3.5 10.9 42.7 42.6 43.4 44.4 
4.0 10.7 42.8 42.7 43.4 44.5 
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Table 4.8: Effect of [Cr(III)-Gly-Tyr]' +` on pseudo-first-order rate constants 
(kobs/k) for the reaction of [Cr(lll)-GIy-Tyr]' with ninhydrin. 
Reaction conditions: 
[ninhydrin] 	= 6.0 x 10"3 mol dm-' 
[CTAB] 	 = 30.0 x 10"' mol dm"3 
[ 16-s-16] 	= 30.0 x 10"5 mol dm-3 (s = 4, 5, 6) 
Temperature 	= 80 °C 
p1! 	 = 5.0 
104 [Cr(III)-Gly-Tyr]`` 10 k0h, 
(mol dm) (sd) (s d ) 
Aqueous CTAB 16-6-16 16-5-16 16-4-16 
2.0 9.5 38.6 39.2 40.4 41.9 
2.5 10.0 38.7 39.5 40.6 42.2 
3.0 9.8 38.2 39.6 40.7 42.1 
3.5 10.1 38.6 39.7 40.6 42.1 
4.0 9.9 38.5 39.5 40.6 42.4 
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Table 4.9: Effect of [Zn(II)-Gly-Tyr]' on pseudo-first-order rate constants 
(kobs/k,,,) for the reaction of [Zn(II)-Gly-Tyr]' with ninhydrin. 
Reaction conditions: 
[ninhydrin] 	= 6.0 x 10'' mol dm'3 
[CTAB] 	 = 30.0 x 10'' mol dm'3  
[ 16-s-16] 	= 30.0 x 10'' mol dm'3 (s = 4, 5, 6) 
Temperature 	= 80 °C 
pH 	 = 5.0 
10 4 [Zn(II)-G1y-"I'yr] 10 k„hs 105 k, 
(mol dm) (s" I ) (s'') 
Aqueous CTAB 16-6-16 16-5-16 16-4-16 
2.0 8.4 36.3 37.3 39.8 40.9 
2.5 8.5 36.7 37.6 39.4 41.2 
3.0 8.8 36.7 37.5 39.8 41.1 
3.5 8.7 36.8 37.7 39.3 41.1 
4.0 8.5 36.9 37.3 39.3 40.9 
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Table 4.10: Effect of [Ni(II)-Gly-Phe]T on pseudo-first-order rate constants 
(kon,/k,,) for the reaction of [Ni(11)-Gly-Phef with ninhydrin. 
Reaction conditions: 
[ninhydrin} 	= 6.0 x 10"' mol din' 
[CTAB] 	 = 30.0 x 10-3 mol dm-3 
[l6-s-16} 	 = 30.0 x 10"5 mol din"' (s = 4, 5, 6) 
Temperature 	= 70 °C 
p11 	 =5.0 
10 [Ni(II)-Gly-Phe]` 10' koh, I0' k4, 
(rnol dm-') (sd) (s"') 
Aqueous CTAB 16-6-16 16-5-16 16-4-16 
3.0 6.1 18.2 12.5 14.4 15.1 
3.5 6.1 18.4 12.4 14.3 15.2 
4.0 6.1 18.4 12.6 14.3 15.0 
4.5 6.2 18.3 12.5 14.5 15.1 
5.0 6.1 18.2 12.5 14.5 15.2 
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Table 4.11: Effect of [Cr(III)-G1y-Phe]2 on pseudo-first-order rate constants 




[16-s- 16]  
Temperature 
pH 
= 6.0 x 10-3 mol din-' 
= 30.0 x 10" mol dm-3  




(mol dm-- ) 
10'k0by 	105 k w 
(s-s ) 	(s-' )  
Aqueous C'I'AB 16-6-16 16-5-16 16-4-16 
3.0 5.3 16.4 11.6 12.3 13.3 
3.5 5.2 16.7 11.5 12.5 13.5 
4.0 5.2 16.6 11.7 12.5 13.5 
4.5 5.3 16.5 11.6 12.4 13.4 
5.0 5.4 16.5 11.7 12.6 13.6 
Table 4.12: Effect of [Zn(II)-Gly-Phef on pseudo- first-order rate constants 
(k0h,/k,,,) for the reaction of [Zn(II)-Gly-Phe]' xv-ith ninhydrin. 
Reaction conditions: 
[ninhvdrin] 	= 6.0 x 10"' mol dm 
[CTAB] 	 = 30.0 x 10-' mol dm"3  
[ 16-s-16] 	= 30.0 x 10-' mol dm"' (s = 4, 5, 6) 
Temperature 	= 70 °C 
pH 	 = 5.0 
10 [Zn(II)-GIy-Phe] 10 k0hs 10' 
(mol dm') (s-+ ) (s-► ) 
Aqueous CTAB 16-6-16 16-5-16 16-4-16 
3.0 4.3 15.5 11.1 11.5 12.0 
3.5 4.4 15.7 11.0 11.4 12.2 
4.0 4.4 15.7 11.0 11.5 12.0 
4.5 4.2 15.6 11.2 11.4 12.1 
5.0 4.3 15.5 11.1 11.6 12.2 
Table 4.13: Effect of [ninhydrin] on pseudo-first-order rate constants (kOb /k„) for 
the reaction of [Ni(II)-Gly -"I r} with ninhydrin. 
Reaction conditions: 
[Ni(II)-Gly-Tyr]' 3.0 x 10-4 mol dm-3 
[CTAB] = 30.0 x 10-3 mol dm-3 
[ 16-s-16] = 30.0 x 10-5 mol dni ' (s = 4, 5, 6) 




10' k0h, (s I) 
Aqueous 




CTAB 16-6-16 16-5-16 16-4-16 
6 10.6 14.9 42.9 42.6 43.3 44.5 
10 20.1 24.0 54.0 61.0 80.2 83.0 
15 31.8 34.6 77.5 77.0 93.0 97.1 
20 41.5 44.3 98.0 85.1 100.8 109.3 
25 51.0 53.4 107.2 92.2 110.1 115.0 
30 60.5 61.8 136.0 97.0 115.4 120.1 
35 70.0 69.7 153.5 102.3 120.1 124.5 
40 75.6 77.1 160.1 105.0 122,7 127.9 
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Table 4.14: Effect of [ninhydrin] on pseudo-first-order rate constants (kohs/k,V) for 
the reaction of [Cr(III)-Gly-Tyr]' -` with ninhydrin. 
Reaction conditions: 
[Cr(II1)-Gly-Tyr]2+ = 3.0 x 10- ' mol dm-3 
[CTAB] 	 = 30.0 x 10-' mol dm'' 
[ 16-s-16] 	 = 30.0 x 10'5 mol dm-3 (s = 4, 5, 6) 
Temperature 	= 80 °C 
pH 	 = 5.0 
10 [ninhydrin 10' ka~,s 10' kC11 105 k4, 
(mol dm ') (s-1 ) (s-1) (sd) 
Aqueous CTAB 16-6-16 16-5-16 16-4-16 
6 9.8 8.0 38.2 39.6 40.7 42.1 
10 16.0 19.5 44.2 48.1 51.2 54.0 
15 26.2 26.7 52.0 57.3 60.2 64.1 
20 33.3 32.7 60.1 65.4 67.5 70.2 
25 38.4 37.8 67.5 70.2 73.1 76.0 
30 41.0 42.2 71.6 74.3 77.2 80.2 
35 44.5 46.0 73.4 77.1 81.0 84.0 
40 46.7 49.2 75.2 78.4 83.3 85.5 
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Table 4.15: Effect of [ninhydrin] on pseudo-first-order rate constants (kobs/k,,,) for 
the reaction of [Zn(Il)-G1y-Tvr] - with ninhydrin. 
Reaction conditions: 





= 30.0 x 10-' 
= 30.0 x 10-s 
= 80 °C 
= 5.0 
mol dm-' 
mol dm-3 (s = 4, 5, 6) 
10' [ninhydrin] 10 k0h;  10 	kcal 	105 k,, 
(mol dm-') (sd ) (sd) (sd) 
Aqueous CTAB 16-6-16 16-5-16 16-4-16 
6 8.8 10.5 36.7 37.5 39.8 41.1 
10 17.0 15.3 42.4 40.0 44.7 47.2 
15 22.7 19.9 46.5 44.5 48.1 50.0 
20 26.0 23.5 49.6 47.3 51.5 53.1 
25 30.0 26.2 51.5 49.5 53.7 55.7 
30 32.5 28.5 53.1 51.1 55.2 57.5 
35 35.2 30.4 54.2 52.2 56.6 58.4 
40 37.5 31.9 55.0 52.8 57.3 59.2 
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Table 4.16: Effect of [ninhydrin] on pseudo-first-order rate constants (k0hz/k) for 
the reaction of [Ni(II)-Gly-Phe]i with ninhydrin. 
Reaction conditions: 
[Ni(II)-Gly-Phe]+ 	= 4.0 x 10'a mol dm-' 
[CTAB] 	 = 30.0 x 10-' mol dm-' 
I 16-s-16] 	= 30.0 x 10-s mol dm-' (s = 4, 5, 6) 
Temperature 	= 70 °C 
pH 	 5.0 
10' [ninhydrin] 
(mol drn-') 







CTAB 16-6-16 16-5-16 16-4-16 
6 6.1 9.6 18.4 12.6 14.3 15.0 
10 14.7 14.3 25.7 21.0 21.5 22.2 
15 23.0 18.8 45.9 27.4 29.0 35.0 
20 27.1 22.2 48.1 31.1 33.1 39.5 
25 30.1 25.0 51.2 33.2 35.4 42.7 
30 32.0 27.3 53.4 34.7 36.8 44.8 
35 33.5 29.2 55.0 35.8 37.7 46.3 
40 34.1 30.8 55.7 36.3 38.2 47.2 
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Table 4.17: Effect of [ninhydrin] on pseudo-first-order rate constants (kohS/k,,) for 
the reaction of [Cr(III)-GIv-Phe12, with ninhydrin. 
Reaction conditions: 
[Cr(III)-Gly-Phe]2,  = 4.0 x 10 mol dm-3 
[CTAB] 	 = 30.0 x 10-' mol dm-3 
[ 16-s-161 	 = 30.0 x 10-' mol dm-3 (s = 4, 5, 6) 
Temperature 	= 70 °C 
pH 	 = 5.0 
10 	[ninhydrin] 10 k0t„ 10 	kcal  10` 
(mol dm-3) (s-i)  (s-')  (s-i)  
Aqueous CTAB 16-6-16 16-5-16 16-4-16 
6 5.2 8.3 16.6 11.7 12.5 13.5 
10 12.0 12.6 23.2 17.2 19.4 20.9 
15 22.0 17.0 41.3 25.5 27.0 30.1 
20 25.8 20.5 44.5 28.8 31.3 36.2 
25 29.1 23.4 46.5 31.7 34.2 39.0 
30 31.2 25.9 48.0 33.8 35.8 41.1 
35 32.5 28.0 49.1 35.0 36.8 42.2 
40 33.2 29.9 49.8 35.6 37.3 43.0 
166 
Table 4.18: Effect of [ninhydrin] on pseudo-first-order rate constants (k0by/kkv) for 







=4.0x 10-4  mol dm-3  
30.0 x 10-3 mol din-3  
30.0x 10-5 mol dm'(s=4,5,6) 
=70°C 
5.0 
10 [ninhK drip] 	10' koh , 	10' kc„i 




CTAB 16-6-16 16-5-16 16-4-16 
6 4.4 7.3 15.7 11.0 11.5 12.0 
10 10.0 11.2 21.1 16.0 18.1 19.2 
15 19.1 15.1 36.2 23.2 25.2 27.5 
20 22.2 18.3 40.0 26.1 29.3 33.1 
25 25.3 21.0 42.5 28.4 32.2 36.0 
30 27.4 23.3 44.6 30.1 34.4 38.5 
35 29.0 25.2 46.0 31.6 36.0 40.0 
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Figure 4.7: Effect of [ninhydrin] on the reaction rate of [Ni(II)-Glv-Tyr] with 
ninhydrin in absence and presence of surfactants: (a) in absence of surfactant; (b) 
in presence of 16-6-16; (c) in presence of 16-5-16; (d) in presence of 16-4-16; (e) 
in presence of CTAB. Reaction conditions: [Ni(II)-Gly-Tyr]' = 3.0 x 10'~ mol 
dm"3, 116-s-16] 	30 x 10'$ mol dm"3 (s = 4, 5, 6), [CTAB] = 30 x 10'' mol dm'3, 
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Figure 4.8: Effect of [ninhydrin] on the reaction rate of [Cr(III)-Gly-Tyr]'+ with 
ninhydrin in absence and presence of surfactants: (a) in absence of surfactant; (b) 
in presence of CTAB; (c) in presence of 16-6-16; (d) in presence of 16-5-16; (e) in 
presence of 16-4-16. Reaction conditions: [Cr(III)-Gly-Tyr]2 = 3.0 x 10-; mol 
dm -3, [ 16-s-16] = 30 x 10"' mol drn" (s = 4, 5. 6), [CTAB] = 30 x 10"3 mol dm-3, 
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Figure 4.9: Effect of [ninhydrin] on the reaction rate of [Zn(II)-Gly-Tyr]+ with 
ninhydrin in absence and presence of surfactants: (a) in absence of surfactant; (b) 
in presence of 16-6-16; (c) in presence of CTAB; (d) in presence of 16-5-16; (e) in 
presence of 16-4-16. Reaction conditions: Zn II Gly Z `r 	 'mol dm 3,  
[16-s-16} = 30 x 10 5 mol dm"' (s = 4, 5, 6), [CTAB] = 30 x 10"' mol dm"3, temp. _ 
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Figure 4.10: Effect of [ninhydrin] on the reaction rate of [Ni(II)-Gly-Phe]" with 
ninhydrin in absence and presence of surfactants: (a) in absence of surfactant; (b) 
in presence of 16-6-16; (c) in presence of 16-5-16; (d) in presence of 16-4-16; (e) 
in presence of CTAB. Reaction conditions: [Ni(II)-Gly-Phe] F = 4.0 x 10-4 mol 
dm'', [ 16-s-16] = 30 x 10'5 mol dm'3 (s = 4, 5, 6), [CTAB] = 30 x 10"' mol dm'3, 
temp. = 70 °C, pH = 5.0. 
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Figure 4.11: Effect of [ninhydrin] on the reaction rate of [Cr(III)-Gly-Phe]`' with 
ninhydrin in absence and presence of surfactants: (a) in absence of surfactant; (b) 
in presence of 16-6-16; (c) in presence of 16-5-16; (d) in presence of 16-4-16; (e) 
in presence of CTAB. Reaction conditions: [Cr(III)-Gly-Phe}2 = 4.0 x 10"4 mol 
dm-', [ 16-s-16] = 30 x 10-5 mol dmi' (s = 4, 5, 6), [CTAB] = 30 x 10-' mol dm'3, 
temp. = 70 °C, pH = 5.0. 
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Figure 4.12: Effect of [ninhydrin] on the reaction rate of [Zn(II)-Gly-Phe]Y with 
ninhydrin in absence and presence of surfactants: (a) in absence of surfactant; (b) 
in presence of 16-6-16; (c) in presence of 16-5-16; (d) in presence of 16-4-16; (e) 
in presence of CTAB. Reaction conditions: [Zn(II)-Gly-Phe] I = 4.0 x 10-4 mol 
dm-3, [ 16-s-16] = 30 x 10-5 mol dm*3 (s = 4, 5, 6), [CTAB] = 30 x 10-3 mol dm-3, 
temp. = 70 °C, pH = 5.0. 
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Effect of Temperature on the Reaction Rate 
A series of kinetic runs were carried out at different temperatures under 
identical reaction conditions in absence and presence of CTAB/gemini mieclles. 
The values of rate constant are given in Tables 4.19-4.24. 
The activation parameters were evaluated using linear least squares 
regression technique. The observed data were found to fit the Arrhenius and 
Eyring equations. 
Effect of CTAB/Gemini Surfactants Concentration on the Reaction Rate 
The effect of surfactants on the reaction rate was examined by varying the 
amount of CTAB/geminis keeping other parameters fixed. The values of rate 
constants (kw) increased on increasing [CTAB], reach a maximum value, and then, 
further increment in [CTAB] had a decreasing effect on the rate. The plot of kw vs. 
[CTAB] is perfectly general being common characteristic of bimolecular reactions 
catalyzed by micelles [10-14]. 
With the geminis, however, rate constant (kp) first increases (part I), 
remains constant up to certain concentration (part II) (the characteristics of part I 
and part II are just like the monomeric conventional counterpart CTAB [10-14]), 
and then increases at higher concentrations sharply (part III). 
The results are recorded infables 4.25-4.36 and are shown graphically in 
Figures 4.13-4.24. 
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Table 4.19: Effect of temperature on pseudo-first-order rate constants (kobS/k,N) for 
the reaction of [Ni(II)-Gly- I'yr]- with ninhydrin. 
Reaction conditions: 
[ninhydrin] 	= 6.0 x 10-3 mol dm"3 
[Ni(11)-Gly-Tyr]+ 	= 3.0 x 10"~ mol dm 
[CTAB] 	 = 30.0 x 10"' mol dm"3 
[16-s-16] 	 =30.0x i0 mol din (s=4,5.6) 
pH 	 = 5.0 
Temperature 	10 k,h, 	105 k~, 
(°C) 	 (s ') 	(s d ) 
Aqueous 	CTAB 	16-6-16 	16-5-16 	16-4-16 
70 4.8 29.0 34.6 35.1 38.4 
75 9.5 34.5 35.7 39.8 40.7 
80 10.6 42.9 42.6 43.3 44.5 
85 21.6 56.1 46.6 55.3 55.6 
90 31.9 60.9 50.1 60.5 64.3 
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Table 4.20: Effect of temperature on pseudo-first-order rate constants (k0by/kU ) for 
the reaction of [Cr(III)-Gly-Tyr]' with ninhydrin. 
Reaction conditions: 
[ninhydrin] 	= 6.0 x 10-3 mot dm' 
[Cr(I1I)-Gly-Tyr]2+ = 3.0 x 10 a mot dm"' 
[CTAB] 	 = 30.0 x 10-' mot dm' 
(16-s-16] 	= 30.0 x 10-5 mol dm"3 (s = 4, 5. 6) 
p11 	 = 5.0 
Temperature 	1 0 
	
10k, 
(°C) 	 (s- ') (s) 
Aqueous 	CTAB 	16-6-16 	16-5-16 	16-4-16 
70 3.0 24.9 28.7 33.8 34.4 
75 4.6 26.8 30.3 34.9 35.8 
80 9.8 38.2 39.6 40.7 42.1 
85 17.0 46.4 43.6 45.6 47.7 
90 21.1 50.3 47.3 48.3 49.5 
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Table 4.21: Effect of temperature on pseudo-first-order rate constants (k0b,.,/k) for 







6.0 x 10-3 mol dm"3  
==3.0x 10-1  mol dni3  
30.0 x 10,3 mol dm'3  
30.0x 10 s  mol dm-'(s=4,5.6) 
5.0 
Temperature 	105 k0b, 	10' 
(°C) 	 (s-') 	(s') 
Aqueous 	CTAB 	16-6-16 	16-5-16 	16-4-16 
70 4.3 24.3 30.3 31.1 32.7 
75 7.4 30.3 34.8 35.3 36.7 
80 8.8 36.7 37.5 39.8 41.1 
85 18.0 46.8 49.1 50.0 50.9 
90 31.3 49.1 61.5 63.1 72.1 
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Table 4.22: Effect of temperature on pseudo-first-order rate constants (k/k,,) for 








= 4.0 x 10-`~moldm'3 
= 30.0 x 10-3 mol dm'3 




10' k„h; 	10' k,, 
(s') (S-1) 
Aqueous CTAB 16-6-16 	16-5-16 	16-4-16 
60 1.6 10.8 9.4 9.8 10.2 
65 3.0 13.6 11.1 11.8 12.2 
70 6.1 18.4 12.6 14.3 15.0 
75 12.8 20.5 16.1 17.6 18.7 
80 18.9 26.2 19.5 22.3 23.8 
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Table 4.23: Effect of temperature on pseudo-first-order rate constants (k0bs/k4,) for 
the reaction of [Cr(III)-Gly-Phe]2 with ninhydrin. 
Reaction conditions: 
[ninhydrin] 	= 6.0 x 10 3 mol dm-' 
[Cr(III)-Gly-Phe]2* = 4.0 x 10-'' mol dm"3 
[CTAB] 	 = 30.0 x 10-' mol dm,3 
[16-s-16] 	 = 30.0 x 10-5 mol dni3 (s = 4, 5, 6) 
pH 	 = 5.0 
Temperature 10 	k(,h„ 10 k,~ 
(°C) (s'' ) (s- ') 
Aqueous CTAB 16-6-16 16-5-16 16-4-16 
60 1.7 11.0 8.5 9.0 9.2 
65 2.8 14.4 10.0 10.3 10.6 
70 5.2 16.6 11.7 12.5 13.5 
75 11.0 20.2 14.3 14.8 16.0 
80 13.5 24.9 15.4 15.8 17.7 
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Table 4.24: Effect of temperature on pseudo-first-order rate constants (kob,/kv) for 
the reaction of [Zn(II)-Gly-Phe]+ with ninhydrin. 
Reaction conditions: 
[ninhvdrin] 	= 6.0 x 10-' mol dm-3 
[Zn(II)-Gly-Phe]+ 	= 4.0 x 10- ' mol dm-3 
[CTAB] 	 = 30.0 x 10-' mol dm-3 
[ 16-s-16] 	 = 30.0 x 10-5 mol dm'3 (s = 4, 5, 6) 








CTAB 16-6-16 16-5-16 16-4-16 
60 1.5 10.4 7.9 8.4 8.0 
65 3.6 12.0 9.6 10.0 10.4 
70 4.4 15.7 11.0 11.5 12.0 
75 10.7 19.9 13.5 14.0 15.1 
80 13.0 22.1 14.6 15.1 16.2 
180 
Table 4.25: Effect of [CTAB] on pseudo-first-order rate constants (ky) for the 
reaction of [Ni(II)-Gly-Tyr] with ninhydrin. 
Reaction conditions: 
[Ni(1I)-Gly-Tyr]+ 	= 3.0 x 10-4 mol dm 








l0' k~y j 
(s"') 
k y, - k q,ea1 
0.0 10.6 - - 
5.0 33.9 36.9 -0.09 
10.0 38.5 37.8 +0.02 
15.0 40.7 42.9 -0.05 
20.0 41.7 44.6 -0.07 
25.0 42.6 41.7 +0.02 
30.0 42.9 45.0 -0.05 
35.0 42.6 40.4 +0.05 
40.0 42.4 41.4 -10.02 
45.0 42.2 41.8 +0.01 
50.0 42.0 42.4 -0.01 
55.0 41.6 40.3 +0.03 
60.0 41.2 37.6 +0.09 
65.0 40.8 38.9 +0.05 
70.0 40.0 38.3 +0.04 
75.0 39.8 39.3 +0.01 
80.0 39.2 36.4 +0.07 
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Table 4.26: Effect of [CTAB] on pseudo-first-order rate constants (ku) for the 
reaction of [Cr(III)-Gly-Tyr]`'- with ninhvdrin. 
Reaction conditions: 
[Cr(III)-GIy-Tyr]'`+ = 3.0 x 10-' mol dm' 
[ninhydrin] 	= 6.0 x 10-3 mol dm.' 
Temperature 	=80°C 
pH 	 = 5.0 
10'' [CTAB ] 	10' ky, 	 I0' k vc ,ti 
(mol dm"') 	(sd ) (sd ) 
0.0 9.8 - 
5.0 33.5 33.2 
10.0 38.0 38.7 
15.0 38.3 39.2 
20.0 38.5 39.1 
25.0 38.8 41.4 
30.0 38.2 40.6 
35.0 38.0 40.7 
40.0 37.8 39.9 
45.0 37.6 39.7 
50.0 37.4 39.2 
55.0 37.2 39.1 
60.0 37.0 39.3 
70.0 36.9 39.2 

















Table 4.27: Effect of [CTAB] on pseudo-first-order rate constants (k,,,) for the 
reaction of [Zn(II)-GIv-Tyr]+ with ninhydrin. 
Reaction conditions: 
[Zn(II)-Gly-Tyr]+ 	= 3.0 x 10- mol dni 3 
[ninhydrinj 	= 6.0 x 10'' mol dm-' 
Temperature 	= 80 °C 
pH  
10' [CTAB [ 	] t0' k, ► 10 	k~<<~i k„ -k E 	v~eaI 
(mol dm-3) (s-i) (s-') k 
0.0 8.8 - 
5.0 31.3 30.5 
10.0 32.6 33.0 
15.0 35.4 35.9 
20.0 37.2 37.6 
25.0 37.0 36.8 
30.0 36.7 37.1 
35.0 36.4 36.3 
40.0 36.2 37.0 
45.0 36.0 36.4 
50.0 35.7 35.3 
55.0 35.5 34.7 
60.0 35.4 34.8 
70.0 35.1 35.6 
















Table 4.28: Effect of [CAB] on pseudo-first-order rate constants (k) for the 
reaction of [Ni(II)-Gly-Phe]i  with ninhydrin. 
Reaction conditions: 
[N i(II)-GIy-Phe] + 	= 4.0 x 104 mol dm-3 
[ninhydrin] 	=6.0x10-'motdni' 
Temperature 	70 °C 
pH 	 = 5.0 
10 [CTAB ] 	10' kw 	 10' k 	 k,r -k,Nw1 
(mol dnf3) 	(s') (s') k w 
0.0 6.1 - - 
5.0 12.9 13.0 -0.01 
10.0 14.6 15.4 -0.05 
15.0 16.0 16.5 -0.03 
20.0 17.2 17.5 -0.02 
25.0 17.6 18.2 -0.03 
30.0 184 19.0 -0.03 
35.0 18.2 18.4 -0.01 
40.0 18.1 18.1 0.00 
45.0 17.9 17.7 -0.01 
50.0 17.8 18.8 -0.06 
55.0 17.7 18.0 -0.02 
60.0 17.5 17.7 -0.01 
65.0 17.3 16.9 +0.02 
70.0 17.1 16.4 +0.04 
75.0 17.0 16.1 +0.05 
80.0 16.8 17.0 -0.01 
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Table 4.29: Effect of [CTAB] on pseudo-first-order rate constants (k,,) for the 




= 4.0 x 10-4 mol dm'3  
[ninhydrin] 	= 6.0 x 10 3 mol dm-3  
Temperature 	=70°C 





I 05 kp 
(s-1 ) 
k„ - k,,, 
k 
0.0 5.2 - - 
5.0 12.5 12.3 +0.02 
10.0 14.2 14.8 -0.04 
15.0 14.7 15.7 -0.07 
20.0 15.1 15.0 +0.01 
25.0 15.9 16.1 -0.01 
30.0 16.6 16.1 +0.03 
35.0 16.9 16.9 0.00 
40.0 17.0 17.1 -0.01 
45.0 17.2 16.8 +0.02 
50.0 17.4 17.9 -0.03 
55.0 17.6 18.6 -0.06 
60.0 17.8 17.4 +0.02 
65.0 17.7 17.2 +0.03 
70.0 17.5 18.3 -0.05 
75.0 17.4 17.2 +0.01 
80.0 17.2 16.8 +0.02 
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Table 4.30: Effect of [CTAB] on pseudo-first-order rate constants (ku,) for the 
reaction of [Zn(II)-Gly-Phe]; with ninhydrin. 
Reaction conditions: 
[Zn(II)-Gly-Phe]` 	=4.0x10"a moldm"3 
[ninhydrin] 
	





10' [CTAB ] 105 ky~ 105 k',;C1, k y - k,VcaI 
(cool dm) (s"') (s'') k q, 
0.0 4.4 - 
5.0 12.0 11.6 
10.0 13.1 13.7 
15.0 13.8 14.2 
20.0 14.6 14.6 
25.0 15.2 15.1 
30.0 15.7 15.3 
35.0 15.9 16.0 
40.0 16.3 16.5 
45.0 16.5 16.3 
50.0 16.7 18.0 
55.0 16.6 16.2 
60.0 16.4 17.0 
65.0 16.2 16.0 
70.0 16.1 15.6 
75.0 15.9 16.5 



















10 k,cai 	k ,P - k Tcai 	105  k4, 	10 ky,c.,l 	k , - (s-1) 
k 4' 	(s-') 	(s-') k 14 , 
- 	- 	 10.6 
- 	- 	 14.2 
18.7 	+0.18 	22.8 
38.3 	-0.02 	37.0 






Table 4.31: Effect of [geminis] on pseudo-first-order rate constants (k,v) for the reaction of [Ni(11)-G1y-Tvr]+ with 
ninhydriri. 
Reaction conditions: 
[Ni(II)-Gly-Tyre } 	- 3.0 x 10-a mol dm-3  
[ninhydrin] 	- 6.0 x 10 ' mol dm 
Temperature 	= 80 °C 
pH 	 =5.0 
10 [ 16-s-16J 	16-6-16 	 16-5-16 
(mol drn ') 
10's k,1, 10-S k,ca l k,,, 	- k,ical 105 kw 
(s-1)  (s-') 
k,v (s-') 
0.0 10.6 - - 10.6 
5.0 11.3 - - 13.8 
10.0 18.8 17.6 +0.03 22.7 
20.0 31.6 30.8 -0.03 37.4 
30.0 42.6 41.6 +0.01 43.3 
40.0 45.0 43.7 -0.02 52.6 50.1 +0.05 55.2 54.5 +0.01 
50.0 46.8 48.4 +0.02 56.3 55.4 +0.02 57.8 59.3 -0.03 
60.0 48.8 48.3 -0.02 60.4 60.5 -0.00 61.1 59.7 +0.02 
80.0 53.6 54.7 -0.03 64.9 65.4 -0.01 68.6 70.2 -0.02 
100.0 57.7 56.7 -0.01 68.2 70.4 -0.03 71.9 73.9 -0.03 
250.0 63.0 64.3 +0.03 72.3 71.7 +0.01 75.0 77.8 +0.03 
400.0 65.0 69.6 -0.07 75.0 77.4 -0.03 78.7 84.1 -0.06 
600.0 68.0 70.1 +0.03 76.7 77.3 +0.01 82.2 85.1 +0.03 
1000.0 71.0 - - 78.3 - - 87.6 - 
1500.0 75.1 - - 82.0 - - 93.2 - 
2000.0 79.2 - - 88.0 - - 105.1 - - 
2500.O 85.0 - - 95.0 - - 115.3 - - 
3000.0 96.0 - - 108.0 - - 133.0 - - 
LEXJ 
16-4-16 
105 k,,, 10` k,,,cai k 4, - k 
(s1) (s-i ) 
9.8 - - 
14.5 - - 
20.2 18.4 +0.09 
31.2 31.5 -0.01 
42.1 42.9 -0.02 
Table 4.32: Effect of [geminis] on pseudo-first-order rate constants (k,1,) for the reaction of [Cr(III)-Gly-Tyr]'i with 
ninhydrin. 
Reaction conditions: 
[Cr(1II)-G1y-Tyr]2+ = 3.0 x 10-' mol dm-1 
[ninhydrin] 	 6.0 x 10,' mol dm-' 
'I'emperaturc 	= 80 °C 
pII 	=5.0 









(s-1) 105 k,i (S-i ) 
k,{, 	- k,+'C:,~ k4 
0.0 9.8 - - 9.8 - - 
5.0 13.6 - - 14.2 - - 
10.0 19.5 18.0 +0.08 19.8 18.2 +0.08 
20.0 28.1 27.8 +0.01 29.1 28.8 +0.01 
30.0 39.6 38.9 +0.02 40.7 40.8 0.00 
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40.0 41.0 41.6 -0.01 43.3 43.1 0.00 47.7 48.0 
50.0 42.0 42.7 -0.02 46.0 47.0 -0.02 50.0 50.2 
60.0 43.9 45.4 -0.03 49.0 48.7 +0.01 51.9 52.7 
80.0 45.4 46.0 -0.01 51.0 51.9 -0.02 54.0 55.4 
100.0 46.5 46.7 0.00 53.0 52.0 +0.02 56.7 57.5 
250.0 47.6 49.2 -0.03 54.5 55.1 -0.01 58.0 58.8 
400.0 49.0 50.4 -0.03 55.5 55.0 +0.01 59.0 60.3 
600.0 50.0 49.5 +0.01 57.0 57.8 -0.01 61.0 61.5 
1000.0 52.5 - - 59.5 - - 65.8 - 
1500.0 56.4 - - 63.5 - - 70.3 - 
2000.0 61.5 - - 68.9 - - 74.6 - 
2500.0 67.4 - - 74.6 - - 81.0 - 











Table 4.33: Effect of [geminis] on pseudo-first-order rate constants (k4,) for the reaction of (Zn(II)-Gly-Tyr ]+ with 
ninhydrin. 
Reaction conditions: 
IZn(II)-Gly-'I'vr ] 	= 3.0 x 10 mol dm-' 
[ninhydrin] 	= 6.0 x 10-' mol dm-3 
'Temperature 	80 °C 
pl1 	 5.0 
10 	[ 16-s-16] 16-6-16 16-5-16 16-4-16 
(mol dm(') 
105 k,,, 10 	k41ca1 k 	- k ,E- 105 k~, 105 ky,°.,I k.1, 	- ky-c:1j 105 k,1, 105 kpcai ky, - k~ycai (s-I) (s-I) k4 	- (s-1) (s-d) k (s-I ) (s-I) k 4, 
0.0 8.8 - - 8.8 - - 8.8 - - 
5.0 15.5 - - 16.0 - - 16.9 - - 
10.0 20.4 20.5 0.00 21.4 16.2 +0.24 23.0 20.3 +0.12 
20.0 30.3 30.1 +0.01 32.0 31.4 +0.02 35.0 34.4 +0.02 
30.0 37.5 37.9 -0.01 39.8 40.2 -0.01 41.1 41.2 0.00 
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40.0 42.2 41.8 +0.01 46.8 46.0 +0.02 48.2 48.8 -0.01 
50.0 46.2 45.6 +0.01 48.6 49.3 -0.01 49.5 49.5 0.00 
60.0 48.0 48.0 0.00 49.2 49.6 -0.01 50.2 50.3 0.00 
80.0 49.2 48.5 +0.01 51.2 51.5 -0.01 53.1 53.4 -0.01 
100.0 50.0 49.4 +0.01 52.0 51.8 0.00 54.2 53.8 +0.01 
250.0 51.0 50.4 +0.01 52.8 53.5 -0.01 55.1 55.5 -0.01 
400.0 52.0 51.7 +0.01 54.0 54.4 -0.01 56.4 56.2 0.00 
600.0 53.5 53.0 +0.01 55.6 56.1 -0.01 58.3 58.5 0.00 
1000.0 56.0 - - 58.6 - - 61.2 - - 
1500.0 60.1 - - 63.2 - - 65.9 - - 
2000.O 64.3 - - 68.5 - - 72.0 - - 
2500.0 68.8 - - 74.2 - - 77.6 - - 
3000.0 77.0 - - 83.6 - - 87.1 - - 
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Table 4.34: Effect of [geminisj on pseudo-first-order rate constants (ky) for the reaction of [Ni(II)-Gly-Phe]' with 
ninhydrin. 
Reaction conditions: 
[Ni(II)-G1y-Phe]+ 	= 4.0 x 10-4 mol dm-3 
I ninhydrin] 	= 6.0 x 10-' mol dm-' 
'Temperature 	= 70 °C 
p1-i 	 = 5.0 
10 [ 16-s-16] 	16-6-16 	 16-5-16 	 16-4-16 
(Illol dm ~) 
105 k", 	105 kyC.II 	k y, - k ,l-c„~ 	105 k,a, 	10' k i 	k E- - k ,I cap 	10' k, 	105 k,,,c.,i 	k 	- k (s 1 ) (s-1) 	 k.,, 	(sd) (s-' ) 	 k,,, 	(sd) 	(sd) 	 k,,, 
0.0 6.1 	- 	- 6.1 	- 	- 6.1 	- 	- 
5.0 7.1 	- 	- 7.7 	- 	- 8.1 	- 	- 
10.0 8.0 	6.6 	+0.18 9.7 	5.3 	+0.45 10.1 	11.1 	-0.10 
20.0 10.0 	7.2 	+0.28 12.3 	13.1 	-0.07 12.9 	13.5 	-0.05 
30.0 12.6 	11.8 	+0.06 14.3 	13.9 	+0.03 15.0 	15.3 	-0.02 
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40.0 13.0 13.6 -0.05 14.5 15.0 -0.03 15.6 16.3 -0.04 
50.0 13.2 13.4 -0.02 14.6 14.9 -0.02 16.4 16.0 +0.02 
60.0 13.3 13.6 -0.02 14.8 14.5 +0.02 16.9 17.3 -0.02 
80.0 13.5 14.0 -0.03 14.9 15.2 -0.02 17.2 16.8 +0.02 
100.0 13.8 13.5 +0.02 15.2 15.6 -0.03 17.6 18.0 -0.02 
250.0 14.2 14.1 +0.01 15.3 16.0 -0.05 17.8 18.1 -0.02 
400.0 14.6 14.9 -0.02 15.6 15.4 +0.01 18.0 18.4 -0.02 
600.0 15.2 15.5 -0.02 16.1 16.0 +-0.01 18.5 19.1 -0.03 
1000.0 16.0 - - 17.0 - - 20.2 - - 
1500.0 18.5 - - 20.1 - - 23.1 - - 
2000.0 21.8 - - 23.6 - - 26.5 - - 
2500.0 25.0 - - 27.8 - - 31.0 - - 
3000.0 28.5 - - 32.0 - - 36.0 - - 
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Table 4.35: Effect of [geminis] on pseudo-first-order rate constants (ky) for the reaction of [Cr(I11)-Gly-Phe]2+ with 
ninhydrin. 
Reaction conditions: 
[Cr(I1I)-Gly-Phe]2' == 4.0 x 10-a mol dm-3 
[ninhydrin] 	= 6.0 x 10-' mol dm-' 
Temperature 	== 70 °C 
pl-1 	 = 5.0 
10' [ 16-s-16] 	16-6-16 	 16-5-16 	 16-4-16 
(mol dm-3) 
105 k,<, 	105 k~Vcat 	k,{, - Lllcal 	105 ky 	105 k,ycal 	kq, - k ,Vcal 	105 k%V 	105 k~4,C.i~ 	k,1, - k ,i'ca~ 
(s-I) 	(s-') k 	(s-i) 	(s-I) k,p 	(s-') 	(s-I) 
0.0 5.2 	- 	- 5.2 	- 	- 5.2 	- 	- 
5.0 5.5 	- 	- 5.7 	- 	- 6.0 	- 	- 
10.0 7.0 	5.3 	+0.24 7.2 	5.5 	+0.24 7.5 	5.3 	+0.29 
20.0 9.3 	10.0 	-0.02 9.6 	10.1 	-0.05 10.0 	10.3 	-0.03 
30.0 11.7 	12.2 	-0.04 12.5 	12.1 	+0.03 13.5 	12.9 	+0.04 
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40.0 12.4 12.2 +0.02 12.6 11.5 +0.09 13.9 
50.0 12.6 11.3 +0.10 12.9 12.7 +0.02 14.2 
60.0 12.7 12.9 -0.02 13.2 13.7 -0.04 14.4 
80.0 12.9 13.1 -0.02 13.6 13.4 +0.01 14.8 
100.0 13.0 12.6 +0.03 13.7 14.2 -0.04 15.1 
250.0 13.3 12.7 +0.05 14.0 15.1 -0.08 15.5 
400.0 13.7 14.4 -0.05 14.5 13.9 -+0.04 16.0 
600.0 14.3 15.0 -0.05 15.1 15.8 -0.05 16.8 
1000.0 15.2 - - 16.2 - - 18.0 
1500.0 17.6 - - 19.0 - - 21.2 
2000.0 20.7 - - 22.5 - - 24.7 
2500.0 23.6 - - 26.0 - - 28.7 














Table 4.36: Effect of [geminis] on pseudo-first-order rate constants (k 4 ) for the reaction of [Zn(II)-GIy-Phe] with 
ninhydrin. 
Reaction conditions: 
[Zn(I1)-G1y-Phe] 	= 4.0 x 10-4 mol din 3 
[ninhydrin] 	= 6.0 x I0-3 mol dm' 
'temperature 	= 70°C 





(s ' ) 
10'ki 




10$ kW  
(s ') 
105 k y, 	i 
(s') 






(s 1 ) 
k r -krvw 
0.0 4.4 4.4 - 4.4 - - 
5.0 4.7 - - 5.3 - - 5.7 - - 
10.0 6.2 6.0 +0.03 6.5 4.4 +0.32 7.0 6.1 +0.13 
20.0 9.1 8.9 -0.10 9.1 9.3 -0.02 9.5 10.0 -0.05 
30.0 11.0 11.4 -0.04 11.5 11.0 +0.04 12.0 12.6 -0.05 
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40.0 11.2 11.0 +0.02 11.6 12.0 -0.03 12.1 11.8 +0.02 
50.0 11.3 10.9 +0.02 11.8 11.4 +0.03 12.2 12.2 0.00 
60.0 11.5 12.1 -0.05 11.9 12.5 -0.05 12.4 11.9 +0.04 
80.0 11.6 11.2 +0.03 12.1 12.7 -0.05 12.5 12.6 -0.01 
100.0 11.8 12.3 -0.04 12.2 12.6 -0.03 12.7 13.2 -0.04 
250.0 12.0 11.9 +0.01 12.5 12.7 -0.02 12.8 12.5 +0.02 
400.0 12.3 12.6 -0.02 12.7 11.9 +0.06 13.2 13.4 -0.02 
600.0 12.9 12.7 +0.02 13.6 13.6 0.00 14.5 14.3 +0.01 
1000.0 13.8 - - 14.7 - - 15.9 - - 
1500.0 16.3 - - 17.5 - - 19.2 - - 
2000.0 19.3 - - 20.8 - - 23.0 - - 
2500.0 22.7 - - 24.1 - - 27.2 - - 
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gure 4.13: Effect of [CTAB] on the reaction rate of [Ni(II)-Gly-Tyr]+ with 
nhydrin. Reaction conditions: [ninhydrin] = 6.0 x 10-3 mol dm"3, 
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Figure 4.14: Effect of [CTAB] on the reaction rate of [Cr(III)-Gly-Tyr]2+ with 
ninhydrin. Reaction conditions: [ninhydrin] = 6.0 x 10-3 mol dm-3, 
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Figure 4.15: Effect of [CTAB] on the reaction rate of [Zn(II)-Gly-Tyr]' with 
ninhydrin. Reaction conditions: [ninhydrin] = 6.0 x 10' mol dm 3, 
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Figure 4.16: Effect of [CTAB] on the reaction rate of [Ni(II)-Gly-Phe]~ with 
ninhydrin. Reaction conditions: [ninhydrin] = 6.0 x 10-' mol dm-3, 
[Ni(II)-Gly-Phe] ` = 4.0 x 10"4 mol dm-', temp. = 70 °C, pH = 5.0. 
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Figure 4.17: Figure 4.16: Effect of [CTAB] on the reaction rate of 
[Cr(III)-Gly-Phe]2 with ninhydrin. Reaction conditions: [ninhydrin] = 6.0 x 10-3  
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Figure 4.18: Effect of [CTAB] on the reaction rate of [Zn(I1)-G1y-Phe]r with 
ninhydrin. Reaction conditions: [ninhydrin] = 6.0 x 10"3 mol din"3, 
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Figure 4.19: Effect of [geminis] on the reaction rate of [Ni(II)-Gly-Tyr]+ with 
ninhydrin: (a) 16-6-16; (b) 16-5-16; (c) 16-4-16. Reaction conditions: [ninhydrin] 
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Figure 4.20: Effect of [gerninis] on the reaction rate of [Cr(III)-GIy-Tyr]' +` with 
ninhydrin: (a) 16-6-16; (b) 16-5-16; (c) 16-4-16. Reaction conditions: [ninhydrin] 
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Figure 4.21: Effect of [geminis] on the reaction rate of [Zn(II)-Gly-Tyr]+ with 
ninhydrin: (a) 16-6-16; (b) 16-5-16; (c) 16-4-16. Reaction conditions: [ninhydrin] 
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Figure 4.22: Effect of [geminis] on the reaction rate of [Ni(II)-Gly-Phe]+ with 
ninhydrin: (a) 16-6-16; (b) 16-5-16; (c) 16-4-16. Reaction conditions: [ninhydrin] 
= 6.0 x 10'' mol dm"', [Ni(II)-Gly-Phe]+ = 4.0 x 10 4 mol dm"', temp. = 70 °C, pH 
= 5.0. 
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Figure 4.23: Effect of [geminis] on the reaction rate of [Cr(III)-GIy-Phe]2 with 
ninhydrin: (a) 16-6-16; (b) 16-5-16; (c) 16-4-16. Reaction conditions: [ninhydrin] 
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Figure 4.24: Effect of [geminis] on the reaction rate of [Zn(II)-Gly-Phe]+ with 
ninhvdrin: (a) 16-6-16: (b) 16-5-16; (c) 16-4-16. Reaction conditions: [ninhydrin] 
6.0 x 10"3 mol dm"', [Zn(II)-Gly-Phe]+ = 4.0 x 10 4 mol dm"', temp. = 70 °C, pH 
= 5.0. 
Discussion 
Reaction in Absence of CTAB/Gemini Micelles 
Results of the kinetic studies were carried out under pseudo-first-order 
conditions of excess [ninhydrin] over [Met-Pep]"~ in aqueous medium. It has 
earlier been found that metal-peptide complex—ninhydrin reaction proceeds 
through formation of a ternary labile complex in which both (the peptide and 
ninhydrin) are connected to the same metal ion (template mechanism [l5]). The 
presence of metal ion brings the reactive groups together which provides much 
better chance for their combination within its coordination sphere. On the basis of 
the above, it can be concluded that the reaction occurs in two kinetically 
distinguishable steps (Scheme 4.1). Firstly, a fairly rapid ternary labile complex 
formation between ninhydrin and [Met-Pep]" occurs and then a slower 
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On the basis of observed rate law d[product]/dt = k„b, [M1et-Pep] 1 and the 
proposed mechanism (Scheme 4.1), the rate equation is derived as Eq. (4.2), 
k"es = 1  Kam] 	 (4.2) 
([N] is the total concentration of ninhydrin). 
On rearrangement, Eq. (4.2) can be written as Eq. (4.3): 
k I = k 	
(4 3)  .3) 
ns 	] 
Accordingly, a plot of 1/k0sy vs. 1![N] yielded straight line with positive 
intercept (Ilk) and slope (1(kK). The values of K and k (the equilibrium and rate 
constants) were thus evaluated in aqueous medium. The calculated values of rate 
constants (kc,i), obtained by substituting k and K in Eq. (4.2), are in close 
agreement with the k"b, (Tables 4.13-4.18) which supports the proposed 
mechanism and confirms the validity of Eq. (4.2). 
Reaction in Presence of CTAB/Gemini Surfactants 
Spectra of the reaction mixture containing [ninhydrin] and [Met-Pep]"+ 
were recorded using UV-visible spectrophotometer (SHIMADZU-model IIV mini 
1240) in the presence of CTAB/gemini micelles are shown in Figures 2.5-2.7 and 
2.9-2.11. The spectra of the product consists of ).r 400 nm both in aqueous and 
in CTAB/gemini micellar media. The absorbance is higher in presence of 
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CTAB/gemini micelles, which may be due to strong association between the 
product and CTAB/gemini micelles. It was inferred that the same product is 
formed both in aqueous and in CTAB/gemini micellar media. 
It was found that the reaction follows the same first- and fractional-order 
kinetics with respect to [Met-Pep]"' and [ninhydrin], respectively, in the micellar 
media. Thus, we can conclude that the reaction mechanism same in presence or 
CTAB/gemini micelles as that in aqueous medium. 
Surfactant micelles provide an unusual medium which may affect the 
reaction rate in more than one way [16,17]: (i) a decrease in entropy of the 
reactants arising due to their binding on the micellar surfaces, i.e., by virtue of 
relatively higher concentration of reactants in micellar phase in comparison to 
bulk phase, (ii) a high degree of closeness attained by reactants in the micellar 
phase, and (iii) relative stabilization and destabilization of substrate arising due to 
electrostatic and hydrophobic interactions between substrate and micelles. 
The observed enhancement in the reaction rate for metal-peptide complex 
and ninhydrin reaction is quantitatively treated on the basis of the pseudo-phase 
model of micelles (as has been discussed in Chapter 3). The same reaction Scheme 
may be given (as shown in Scheme 3.2) for the present case; here Met-Pep stands 
for the metal-peptide complex. 
Although several kinetic equations based on this general Scheme have been 
developed, the most successful appears to be that of Bunton [12,18] who 
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suggested an expression (Eq. (4.4)), which takes into account the solubilization of 
both the reactants into the micelles as well as the mass action model, 
kw[N] +(Kskm — k)Mt [Dm] 	(4.4) 
1+K[D] 
Ks is the binding constant of the complex to the micelles. The values of km and K5  
were calculated as detailed in Chapter 111. The best fit values are given in Tables 
4.37-4.42. The validity of the proposed mechanism is confirmed by the fact that 
there is a close agreement between the observed and calculated k,J values (Tables 
4.25-4.36). 
A lower value of Ks is observed in the case of metal-Gly-Tyr complexes 
(Tables 4.37-4.39) as compared to metal-Gly-Phe complexes (Tables 4.40-4.42). 
A possible explanation for the difference between Ks could be related to the fact 
that the Gly-Phe is more hydrophobic than the Gly-lyr. The increased 
hydrophobicity seems responsible for higher concentration of the Gly-Phe 
complex in the Stern layer of micelles. 
Because of the different properties of miccllar pseudo-phase it is not 
possible to precisely locate the exact site of the reaction but at least localization of 
the reactants can be considered. Most of the ionic micelle mediated reactions are 
believed to occur either inside the Stern layer or at the interface between micellar 
surface and bulk water solvent [14]. The observed catalytic effect of CTAB on the 
metal-peptide complexes and ninhydrin reactions can easily be explained as 
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follows. From purely electrostatic considerations, ninhydrin (due to the presence 
of an electron cloud [1]) can be assumed to reside predominantly in the Stern 
layer. The micellar surface can attract or repel ionic species due to electrostatic 
interactions whereas hydrophobic interactions can bring about the incorporation of 
reactants into micelles. CTAB micellar surface that increases the local molarities 
in the Stem layer. As regards the complex, the removal of water molecules from 
the inner solvation shell of metal by the coordinated peptide gives the complex 
some hydrophobic character (despite of bearing positive charge). Due to this 
hydrophobic nature, the complex gets incorporated into the micelles. The micelles 
thus help in bringing the ninhydrin and the [Met-Pcp]"` complex close together 
into a small volume i.e., Stern layer, wherein it may now orient in a manner 
suitable for the condensation (a possible arrangement-although highly schematic-
could be shown in Figure 4.31). The observed catalysis is due to increased 
concentration of both ninhydrin and metal-peptide complex in the Stem layer. 
Besides this, micelles also exert a medium effect influencing reactivity (the effect 
arises from a combination of cage, preorientation, microviscocity, polarity, and 
charge effects [19]). 
Interestingly, the reactivity of Cr3+/Ni2 /Zn2+-peptide complexes with 
ninhydrin is of the same order (Tables 4.7-4.12). "[he reported values of the 
respective ionic sizes are 1.27, 1.24, and 1.33 A for chromium, nickel, and zinc. 
Thus, the size of all complexes will approximately be the same, and hence, the 
approachtpenetration'incorporation of the complexes into the reactive region of 
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micelles will not differ and will consequently show the same reactivity with 
ninhydrin. 
With progressive increase in [CTAB], the rate constant for condensation of 
ninhydrin into metal-peptide complex increased, reached a maximum value, and 
then decreased (Figures 4.13-4.18). At surfactant concentrations corresponding to 
the maxima in kW [CTAB) proliles, practically all the substrate has been 
incorporated into the micellar phase. When bulk of the substrate is incorporated 
into the micelles, addition of more CTA13 generates more cationic micelles, which 
simply take up the ninhydrin molecules into the Stem layer, and thereby deactivate 
them; because a ninhydrin molecule in one micelle should not react with the 
complex in another [20]. Another reason of decrease in k,~ could be a result of: (i) 
competition between the bromide and ninhydrin on the micellar surface, and/or (ii) 
segregation of the reactants in the different micelles as they are diluted in an 
increasing number of aggregates. 
In case of gemini micelles, It can be seen that the k.-values increase 
progressively with increasing surfactant concentration (part I), become almost 
constant (part 1I) (parts I and II behavior is like to conventional surfactant micelles 
[12,13,21-23]) and then increase again (part III) (Figures 4.19-4.24). 
Gemini micelles provide much better environment for the ninhydrin-[Met- 
Pep]"' reaction as compared to their analogous counterpart (CTAB micelles). The 
reason for that is the presence of spacer in the geminis which decreases the water 
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Table 4.37: Thermodynamic parameters, rate and binding constant values for the 
reaction of [Ni(1I)-Gly-Tyr]' with ninhydrin. 
Reaction conditions: 
[Ni(II)-Glv-Tyr]+ 	= 3.0 x 10"4 mol dm'' 
[ninhydrin] 	= 6.0 x 10-' mol dm-3  
[CTAB] 	 = 30.0 x 10"' mol dm"' 
[16-s-16] 	= 30.0 x 10"5 mol dm"3 (s = 4, 5, 6) 





16-6-16 16-5-16 16-4-16 
Ea (k3 mol") 140.1 36.2 27.8 22.3 19.5 
AH" (kJ mol"') 137.2 33.3 24.9 19.4 16.6 
-AS" (J K- ' mol"') 302.0 308.3 308.8 309.0 309.2 
103 km (s )a - 14.0 34.0 39.0 37.0 
105 k,v (mol"' dm3 s 	)" - 10.6 10.6 10.6 10.6 
Ks (moll dm3)a - 24.0 130.0 120.0 96.0 
KN (mol1  dm3)a - 48.5 70.4 66.9 75.9 
aAt 80 °C. 
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Table 4.38: Thermodynamic parameters, rate and binding constant values for the 
reaction of [Cr(III)-Gly-'I'yr]2+ with ninhydrin. 
Reaction conditions: 
[Cr(III)-Gly-Tyr]Z+ = 3.0 x 10'a mol dm'' 
[ninhydrin] 	= 6.0 x 10-3 mol dm-3 
[CTAB] 	 = 30.0 x 10-3 mol dm"3 
[16-s-16] 	= 30.0 x i0 5  mol dm"'(s=4,5,6) 





16-6-16 16-5-16 16-4-16 
Ea (kJ mol') 139.1 47.2 30.0 27.7 26.3 
Olio (kJ cool- ') 136.2 44.3 27.1 24.8 23.4 
-AS" (J K-1  mol"') 308.1 311.2 308.9 309.1 309.4 
10 	k,n (s I  )11 - 6.7 31.0 36.0 41.0 
105 k,,. (mol- ' dm' s-1)`' - 9.8 9.8 9.8 9.8 
Ks (mol-1  dm')`' - 28.0 122.0 108.0 84.0 
KN (mol t dm3)a - 72.7 69.3 63.6 68.9 
aAt 80 °C. 
Table 4.39: Thermodynamic parameters, rate and binding constant values for the 
reaction of [Zn(II)-G1y-Tyr]+ with ninhydrin. 
Reaction conditions: 
[Zn(II)-Gly-Tyr]+ 	= 3.0 x 10-  mol dm-' 
[ninhydrin] 	= 6.0 x 10-3 mol dm,3  
[CTAB] 	 = 30.0 x 10-3 mol dm-3 
[16-s-16] 	= 30.0 x 10-5 mol dm-3 (s = 4, 5, 6) 
pH  
Parameters and Values 
constants 
Aqueous CTAB 16-6-16 16-5-16 16-4-16 
Ed (kJ mol') 115.1 44.3 36.2 34.5 29.9 
AH' (kJ mol- ') 112.2 41.4 33.3 31.6 27.0 
-AS' (J K- ' mol- ') 307.0 309.0 307.7 308.1 308.6 
103 km  (S-I)a 	- 
(mol'' dm3 S- ')a - 
Ks (mol-' dm')' 	- 
K N (mol- ' dm')" 	- 
aAt 80°C. 
14.1 61.0 33.0 43.0 
8.8 8.8 8.8 8.8 
26.0 110.0 104.0 96.0 
58.9 66.2 70.9 63.6 
Table 4.40: Thermodynamic parameters, rate and binding constant values for the 
reaction of [Ni(II)-Gly-Phe]_ with ninhydrin. 
Reaction conditions: 
[Ni(II)-Gly-Phe]'_ 	= 4.0 x 10'4 mol dm-3 
[ninhydrin] 	= 6.0 x 10-' cool dm'3 
[CTAB] 	 - 30.0 x 10-' mol dm"3 
[l6-s-16 	 = 30.0 x 10 5 mol dm-' (s = 4, 5, 6) 





16-6-16 16-5-16 16-4-16 
Ea (kJ mold) 128.5 49.0 44.8 42.2 37.1 
OH# (kJ mold') 125.7 46.2 42.0 39.4 34.3 
-AS' (J K"' mol) 311.3 319.4 315.2 315.6 315.9 
103 k,,, (s" I  )`' - 3.2 8.6 8.0 21.5 
105 k,, (mol-1  dm3 s"1 )a - 6.1 6.1 6.1 6.1 
Ks (mol-1  dm3)`' - 32.0 154.0 138.0 128.0 
KN (mol-1  dm3)a - 71.5 63.6 75.9 70.0 
``At 70 "C. 
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Table 4.41: Thermodynamic parameters, rate and binding constant values for the 
reaction of [Cr(III)-Glv-Phe]2 ` with ninhvdrin. 
Reaction conditions: 
[Cr(III)-Gly-Phe] +` = 4.0 x 10 mol dm 3 
[ninhydrin] 	= 6.0 x 10"' mol dm'' 
[CTAB] 	 = 30.0 x 10-' mol dm' 
[ 16-s-16] 	 = 30.0 x 10"5 mol dm 3 (s = 4, 5, 6) 
pH 	 = 5.0 
Parameters and Values 
constants 
Aqueous CTAB 16-6-16 16-5-16 16-4-16 
Ea (kJ mol") 125.8 45.3 39.2 34.7 31.0 
AH# (kJ mot) 123.0 42.5 36.4 31.9 28.2 
-AS' (J K- ' mol"') 312.1 314.7 317.1 317.5 317.8 
10' km (s"')a 	 - 
105 
 
k, (mol'1 dm3 5-5a  - 
Ks (cool"' dm;)a 	- 
KN (mol"' dm3 )a 	- 
aAt 70 °C. 
5.5 7.4 8.3 7.7 
5.2 5.2 5.2 5.2 
30.0 138.0 126.0 114.0 
56.7 70.3 68.9 82.0 
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Table 4.42: Thermodynamic parameters, rate and binding constant values for the 







= 4.0 x 10-4 mol dm"' 
= 6.0 x 10-3 mol dm"' 
=30.0x 10"' cool dm"3  






16-6-16 16-5-16 16-4-16 
Ea (kJ mol) 127.0 44.4 37.5 32.4 26.4 
Al-I4 (kJ mol"') 124.2 41.6 34.7 29.6 23.6 
-AS' (J K- ' mol"') 313.8 315.5 318.0 318.5 318.9 
10 	k,,, (s 1 )`' - 4.1 10.2 6.8 9.0 
105 k,, (mol"' dm3 s" I )a - 4.4 4.4 4.4 4.4 
K5 (mol' dm3)a - 28.0 130.0 118.0 110.0 
K N (mol- ' dm3)a - 57.6 63.6 80.1 62.1 
aAt 70 °C. 
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PhOH 	 Ph 4 	 ~ 
R =— CH2 (Gly-Tyr); R = —CH2 (Gly-Phe) 
Figure 4.31: Schematic model representing probable location of reactants for the 
cationic micellar catalyzed condensation reaction between metal-peptide complex 
and ninhydrin. 
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content in the aggregates making the environment less polar and thus causing rate 
increase. Menger et al. [24] have opined that due to proximity of positive charges 
in gemini micelles anion binding at surfaces is increased at the expense of binding 
of H)O. The behavior in part 11 is same for all the three geminis but values of k,p at 
all concentrations are in the order: s = 4> 5 > 6 (Figures 4.19-4.24). This is not for 
the first time but best results with 16-4-16 were obtained earlier also [81. It is well 
known that, to minimize its contact with water, a spacer longer than the 
`equilibrium' distance between two —N'Me, head groups (the `equilibrium' 
distance occurs at s = 4 in 16-s-16 geminis [25,26]) tends to loop towards the 
micellar interior. This increased looping of the spacer (for s > 4) will progressively 
make the Stern layer more wet (in comparison with the s = 4 gemini) with a 
resultant decrease in k,Y. Thus the results are consonant with the earlier findings 
that increase in the water content of the reaction environment has an inhibiting 
effect [27-30]. 
After leveling-off, further increase at higher [geminis] is probably 
associated with a change of micellar structure. The occurrence of structural 
changes at higher [gemini] have been confirmed by 'H NMR spectral studies also 
[31]. Obviously, change in aggregate morphology provides different reaction 
microenvironment (less polar) [32]; hence the k 4,—values increase sharply. This is 
true for all the three geminis, only the extent of increase in ky (depending upon 
spacer chain length) is different. 
226 
Effect of Spacer Chain Length (s-value) 
It is found that the value of rate constant k is more at s — 4 in comparison 
to s = 5 and s = 6 under the identical experimental conditions (Figures 425-4.30). 
It is mentioned in the literature that the spacer length and kind of moiety dictates 
the conformation of the gemini molecule [33]. The value of rate constant follows 
the order 16-4-16 >16-5-16 >16-6-16 among the geminis. The formation of 
micelles in the case of 16-4-16 is more than 16-5-16 and 16-6-16. This occurs due 
to shorter spacer length, which is most likely cause of increasing geometrical 
constraints in the formation of aggregates with the decreasing length of the spacer 
unit [34,35]. The above argument is also justified with microviscosity and SANS 
data within gerninis. On increasing the spacer chain length (s-value), micellar 
morphology tends to be less ellipsoidal [8]. Thus, the surfactant morphology is 
strongly affected by the spacer chain length. In the present study the values of k W 
obtained are consistent with the expectation being maximum at s — 4, beyond 
which looping of spacer (to minimize its contact with water) [8,25] will 
progressively make the Stem layer more wet with the resultant k,~ decrease. 
The effect of temperature on the micellar catalyzed reactions of metal-
peptide complexes with ninhydrin in presence of CTAB/geminis was used to 
evaluate activation parameters. The values of energy of activation (E,), enthalpy of 
activation (AHD) and entropy of activation (AS) are given in Tables 4.37-4.42. 
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A comparison with those of aqueous medium values reveals a large 
decrease in energy of activation and enthalpy of activation with substantial 
negative entropy. The variation of activation parameters in CTAB and gemini 
micelles as compared to aqueous is as expected, because one might expect 
electrostatic attraction between the reactants and cationic micelles to reduce the 
activation enthalpy when reactants arc in the miccllar phase. The negative value of 
ASO indicates the existence of compact activated state in the micellar phase. The 
negative entropy of activation is also a characteristic of rate limiting formation of 
an intermediate complex. This indicates the adsorption of both the reactants on the 
micellar surfaces as well as through stabilization of the transition state. 
While presence of CTAB micelles do catalyze the reaction, the dicationic 
gemini surfactant micellar media are more effective to accelerate the rate of 
reaction. Further, the enhancement by geminis occurs at concentrations ca.100 
times less than CTAB. Thus, whereas the sensitivity of the ninhydrin reaction 
stands increased, use of a very small amount of 16-s-16 gemini surfactants 
suggests an increased sensitivity and a less environmental impact too. 
However, more useful explanation of AH" and AS" is not possible because 
the kw is a complex function of true rate and binding constants. 
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Figure 4.25: Effect of spacer chain length (s-value) on the reaction rate of 
[Ni(II)-G1y-Tyr]+ with ninhydrin: (a) 16-6-16; (b) 16-5-16; (c) 16-4-16. Reaction 
conditions: [ninhydrin] = 6.0 x l0"' mol dm-', [Ni(II)-Gly-Tyr]+ = 3.0 x 10 4 mol 
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Figure 4.26: Effect of spacer chain length (s-value) on the reaction rate of 
[Cr(III)-Gly-Tyr]' *`  with ninhydrin: (a) 16-6-16; (b) 16-5-16; (c) 16-4-16. Reaction 
conditions: [ninhydrin] = 6.0 x 10-' mol dm 3, [Cr(I1I)-Gly-Tyr]2+ = 3.0 x 10-4 mol 
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Figure 4.27: Effect of spacer chain length (s-value) on the reaction rate of 
[Zn(II)-Gly-Tyr]t with ninhydrin: (a) 16-6-16; (b) 16-5-16; (c) 16-4-16. Reaction 
conditions: [ninhydrin] = 6.0 x 10 3 mol dm, [Zn(I1)-Gly-Tyr]+ = 3.0 x 10"4 mol 
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Figure 4.28: Effect of spacer chain length (s-value) on the reaction rate of 
[Ni(II)-Gly-Phe]+ with ninhydrin: (a) 16-6-16; (b) 16-5-16; (c) 16-4-16. Reaction 
conditions: [ninhydrin] = 6.0 x l0 mol dm', [Ni(II)-Gly-Phe]` = 4.0 x 10- ' mol 
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Figure 4.29: Effect of spacer chain length (s-value) on the reaction rate of 
[Cr(III)-G1y-Phe]2}  with ninhydrin: (a) 16-6-16; (b) 16-5-16: (c) 16-4-16. Reaction 
conditions: [ninhydrin] = 6.0 x 10' mol dm-', [Cr(III)-Gly-Phe]z± = 4.0 x 10- ' mol 
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Figure 4.30: Effect of spacer chain length (s-value) on the reaction rate of 
[Zn(II)-Gly-Phe] with ninhydrin: (a) 16-6-16; (b) 16-5-16: (c) 16-4-16. Reaction 
conditions: [ninhydrin] = 6.0 x 10' mol din-', [Zn(II)-Gly-Phe]} = 4.0 x 10' mol 
dm--, [ 16-s-16] = 30 x 10 s mol din"' (s = 4. 5, 6), temp. = 70°C, pH = 5.0. 
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